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I. — Address to the Chemical Section, By Robkut R. Tatlock, 
F.R.S.E., F.I.C., F.C.S., President of the Section. 



[Read before the Section, I2th November, 1883.] 



When last I had tlie honour of addressing you, I took occasion 
to refer to some mattere of considerable technical interest, 
which were then beginning to awaken much attention, no less on 
account of their gigantic impoi'tance, than by reason of their being 
the outcome, not of any fresh discovery, but merely of the bold 
and determined application of old and well-known principles of 
operating to facts and conditions equally old and familiar. Since 
that time — short as it is — much has been done, if not in the 
direction of actually developing the new industries which were, 
even then, more than foreshadowed, at least of indicatmg the 
character they are practically ceitain to take, and it is to the 
present aspect of some of these, among other matters, that I would 
seek briefly to direct your attention to-night. 

There is, perhaps, no better illustration than that of the i-ecovery 
of ammonia and other volatile products from waste gases, of the 
hitherto too little recognised fact that it is not alone novelty or 
discovery that is wanted to institute or promote a new industry, 
but rather a clear perception of where and how existing knowledge 
and experience can be brought to bear upon subjects which may 
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have been long->y(lithig not for investigation really, but only for 
resolute actipil. 1* . .' ' 

For inany/y^i*s th(* existence o£ ammonia in blast-furnace gases 
was well ^Viqwn, but several circumstances rendered it apparently 
unlikel|^'tbjtt it could be recovered economically. The extremely 
small proportion of ammonia — amounting to only about "08 per 
cent-rcoupled with the high t^miKjrature and enormous volume of 
Jt^Q 'gases to be handled, rendered it seemingly a very hopeless 
.\*ta6k to extract profitably so minute a quantity, especially as it 
.••.^tv'as taken for granted that the furnace gases must necessaiily be 
cooled down to average atmospheric temperature, or even below 
that, in order to obtain it. Still it seems incredible that for so 
long a time a sum of not less than £200,000 per annum of clear 
profit was thrown away in Scotland alone, not through ignorance, 
not from requiring to wait on some original discovery, but merely 
for want of a simple trial of whether the oi'dinary methods of 
recovering ammonia were capable of application to these gases. 
Naturally the principle of cooling the gases, which is followed at 
gas-works, was firet tried, an<l at once proved equal to the task of 
removing the greater part, if not the whole, of the valuable 
ingredient ; but it was soon found that this cooling could be dis- 
pensed with, and that mere scrubbing of the hot gases with acids 
fixed the ammonia perfectly, and at an initial cost for plant of a 
mere fraction of the cooling method. For a time it was supposed 
that the so-called " tar,'' which was condenseil in the latter process, 
would not be obtained, or at least only partially, by the hot- 
sci*ubbing method, and that even in the latter case, what was 
condensed would l>e heavy and deficient in valuable light oils, 
such as are employed in the manufacture of aniline, as compared 
with the other. Tliis doubt arose from a want of knowledge, first, 
of the mechanical condition in which the so-called tar existed in 
tlie waste gases, and, secondly, from its true nature and composi- 
tion not being at the time recognised. No doubt, if the tar had 
been rich in benzoic and toluol, cooling would have been necessary 
in oixler to secure these, but it would bo required only to condense 
the vapours of these light oils or spirits which were invisible in the 
gasesy the risible smoke or vapour existing in the hot gases, and 
which constitutes the greater part of the so-called " tar," requiring 
only sicr/ace contact in order to hx it in the fiuid condition. 

Whatever may have been supposed at one time, it is Init too 
clear now that the crude tarry oils which are condensable from 
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Ijlaat-funiace gases ore not going tu be wortk the coat of refrigerftt- 
ing apparatus; and it is now demonatrated beyond dispute, by 
practice, on an extensive worlcing scale, that the Utter is not 
uecesaary for the recoveiy of the ammonia, nor even is it requirod 
in order to recover the tiir, tlie greater proportion of whicli con be 
obtained without purposely cooling at all. Even if these crude 
oils or tars had anything of the nature and value of coal tars, they 
must ever remain of secondary importance, from the comparatively 
small proportion yielded by a given weight of coal — say 10 gallons 
for every ton of coal used in the furnace. They must, therefore, 
always bo regarded as a bye-product of comparatively small value, 
the ammonia being the product in chief. Thiit will be admitted if 
we consider the relative value of the two products, taking tlie 
former at say Id. per gallon, and the latter at the present avei-age 
price of l|d. per lb., and a yield of 30 Iba sulphate per ton of 
coal. The comparative market values calculated on the ton of 
coal are thus — lOd. against 4/4^; but, deducting all costs from the 
latter, which do not exceed 1/lOJ, there remains a clear profit of 
3/6 for ammonia, as compared with lOd. for the tarry oils, even on 
the basis of taxing the former with all the costs, and the latter 
with none whatever. In gas-works the conditions are altogether 
different, as there is not only a valuable tar to secure — rich in 
benzole and toluol, and, it may be, in anthracene also — which can 
only be accomplished by a process of condensation by cold, but 
there is only about -j'^th part of the volume of gas to handle for a 
given quantity of volatile products i-ecovered, and a given weight 
of coal used, or say 10,000 against 130,000 cubic feet per ton of 
coal; and not only bo, but the coal gas as well as the tar has an 
immensely higher value on account of its greater illuminating and 
heat-giving power when bunied, as compared with blast-furnace 
gases, and consequently will admit of a much moro expensive 
treatment 

A glance at the nature of the distillation of coal which occurs 
respectively in gas retorts and in blast furnaces will show us that 
the products in each case must be different, the conditions, par- 
ticularly as re^iards temperature, being quite different In the 
former we have the immediate application of a high temperature 
penetiuting, with rapidity, the comparatively umall thickness 
of coal. In the latter the coal ia mixed witli more than its 
own weight of cold and inei-t ironstone and limestone, which 
lud in preventing the subjection of the coal suddenly to a 
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high temperatui-e; so that the evolution of volatile products 
takes place at a comparatively low heat, producing principally 
paraffins, and little or no benzole and toluol, such as we have 
at the one end of true coal tar series; and little or no naphtha- 
line and anthracene, such as we have at the other end From 
theoretical considerations, therefore, we should not expect the 
same products, and in practice we do not find them the same. 
About two years ago I had occasion to examine a sample of 
blast-furnace " tar," obtainetl by cooling in the ordinary way, as 
to the nature and value of its constituents as compared with gas 
tar. This sample had a sj). gr. of 1 -005, and lost 33 per cent by 
simple distillation to coke. It contained no benzine ; but about 
9 lbs. of paraffin per 100 gallons. I reported that it was not of 
the nature of coal tar at all, but an extremely crude pamffin oO, 
requiring such a large proportion of sulphuno acid and caustic soda 
to refine it, and so small a proportion of products as compared with 
ordinary crude shale oil, that it w^ould not pay to treat it as such. 
My experience has been completely borno out by an investigation 
recently made by Mr. Watson Smith, and recorded in a paper read 
by him at the last meeting of the British Association. This 
memoir is of a most interestmg chamcter, and points clearly to the 
fiitui'e of these so-called tars, whether obtained from bla.st-furnaces 
or from coking ovens. In a recent report of this paper we are in- 
formed that he has investigated the tai-s from various coking ovens, 
including the Jamieson's, and the most improved form of Simon- 
Carves. He finds that the tar from the former has a sp. gr. of 
only '960, and that in it no benzole — the representative member 
of the benzole series — exists, although small quantities of toluol, 
and larger quantities of xylol, are found ; while both naphthaline 
and anthracene are entirely absent. On the other hand, he has 
observed that the tar from the most improved form of the Simon- 
Carves coking ovens has a high density (1'200), and that it is 
exceedingly rich in anthracene and naphthaline ; while for yield of 
benzine, toluene, xylene, and carbolic acid, it is equal to the best 
tars pi"oduced at any of the London gas-works. This author 
points out that the dificrence in the chemical character and con- 
stituents of the two tare arises from the difference in treatment, 
particulai'ly as regards temperature, which the coals receive during 
distillation in the respective coke-ovens; the more valuable 
ingredients in the Simon-Carves tar being the result of mpid 
distillation in a close oven, at a high temperature, without any 
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combustion. He pi-edicts, therefore, that as the latter, iu every 
particular, 3rields true coal-tar products, and lirst-class ammonia, 
liquor aud coke, it will be the oven of the future. Li ^mssing, it 
may be worthy of notice that a more flagrant example of i)rojudice 
and of drawing foregone conclusions could scarcely be quoted than 
that of the resistance which has hitherto been offered on the part 
of the representatives of the coke-making industry, to the recovery 
of valuable volatile pixxlucts, on the ground that this would 
necessarily interfere with the quality of the coke produced — a 
fear which has, quite recently, been proved to be altogether ground- 
less — the Simon-Carves coke, even for iron-smelting purposes, at 
least n vailing all its predecessors. 

If these indications be correct, let us glance for a moment at the 
probable results of the adoption of this oven, even to the extent of 
ludf the amount of coal coked in this country, which may be taken 
at the low estimate of 20,000,000 tons per annum. We shall 
begin with the ammonia. There is no doubt that, with the old 
forms of coking oven, hitherto employed, as much nitrogen was 
evolved in the distillation as in the blast-furnace or the Siemens' 
or Wilson's gas producer, but comparatively little, if any, appeared 
in the form of ammonia, the reason being that, from the intro- 
duction more or less of air, a partial combustion of the gases, and 
even to some extent of the fixed carbon also, took place, and 
this would be accompanied or followed by the decomposition or 
destruction of the ammonia, facilitated by the fact that nitrate of 
ammonia — one of the products of the combustion of ammonia in 
air — is so easily decomposed by heat into laughing gas and water. 
It is but reasonable to infer from this that the use of an essentially 
close oven such as the latest Simon-Carves would give an increased 
yield of ammonia as well as of good tar, and this conclusion is fully 
borne out in practice. I am informed on the authority of those 
who are most competent to judge that the yield of sulphate of 
ammonia per ton of coal is in practice from 20 to 30 lbs., while 
that of tar is about 7 gallons. These figures applied to an annual 
output of coke obtained from 10,000,000 tons of coal will give, at 
the mte of 25 lbs. sulphate of ammonia per ton of coal, 250,000,000 
lbs. To this must be added about 45,000,000 lbs. which is certain 
to be produced from blast furnaces in Scotland alone, and as much 
more from blast furnaces working entirely and partly on coal in 
England, and from gas generators in the United Kingdom, taken 
together. There stands thus a total of 340,000,000 WiVu— \^\;\^^ 
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tons — for this country, the present output being about 70,000 tons. 
The accompanying tar will measure 70,000,000 gallons. At first 
sight it would appear that this enoimous amount of ammonia can- 
not be wanted, and that the fall in i)iico naturally consequent upon 
such a vastly and suddenly increased output would check the 
production or sink the price to an unremunei-ative figure. It must 
be borne in mind, however, that it is only the supply which is 
pnxluced in excess of the natural demand which results in these 
undesirable consequences ; and I think I shall be able to show that 
there is little danger of sulphate of ammonia falling below what 
will be a remunerative rate to manufacturer, especially such as 
have not prospectively long contracts for gsw liquor at the present 
high rate. The question presents itself — is there ix)om for so great 
an increase ill that article? Undoubtedly there is, if it can Ijc 
made at a price which will induce present consumers of nitmte of 
soda for manurial purposes to adopt it in preference to the latter 
article. Let us see whetlier this is probable I In the year which 
fell between 1st July, 1882, and 30th June, 1883, there were 
consumed in the c;ntire world 430,000 tons of nitrate of soda. If 
we deduct from this 100,000 tons use<l for the manufacture of 
nitric acid, «kc., we have a balance of 330,000 tons which were 
undoubtedly employeil for manurial purposes, the average price 
during that time being £12 5s. per ton. Now, in view of com- 
I)etition with sulphate of ammonia, it is of jirimary importance to 
know the lowest price at which nitrate of soda can be delivered, 
say in this country, with any inducement to the manufacturer. In 
a paper read by Mr. T. Aikman of this town, in the month of June 
last year, Ijefore the Congress of the German Chemical Manui-e 
Makers assembled at Hanover, he estimated that something like 
tlic above large (quantity might be made, to deliver in Europe, at 
about £12, inclusive of the fiscal taxation and freight, which 
together at that time represented about £5 of the selling price per 
ton. He stated, however, that a i-eduction to £10 through the 
removal of the duty might still bring supplies. If we take the latter 
figure as the minimum {xrasible selling ])rice in this country our 
estimate shall not be too high when we consider the depressecl 
condition of the trade in South America at the present time. Now 
let us look at the relative monetary and agricultural values of the 
nitrate and the sulphate. With the former at £11 and the latter 
at £16, there is £5 of difierencc, which are about the figures at the 
present time. There are two reasons for this difference; the first 
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is that the percentage of available nitrogen is i*espectively 15*65 
in commercial nitrate of 5 i>er cent, "refraction," and 19*76 in 
commercial sulphate of 24 percent, ammonia; the second reason is 
tliat nitrate, although now vciy largely used, has been considered 
incapable in many circumstances of i^placing sulphate. There is 
no doubt that this consideration has been carried too far, to the 
detiiment of nitrate, as recently it has been found to be capable of 
. replacing sulphate to a much greater extent than has hitherto been 
believed; but even leaving that out of the question, and placing the 
two ai^ticles on the footing of the relative proportions of nitrogen 
alone, there will always be, with nitrate deli veiled at £10 per ton, 
a balance in favour of sulphate of £2 12s. 6d. per ton, bringing it 
up to the selling price of £12 12s. 6d. The natural condition of 
things which is thus certain to be brought about is this: — com- 
l>etitiou in the manufacture of sulphate will by-and-by reduce the 
price, but not below £12 r2s. 6d. (except by flukes), as long as 
nitrate does not fall below £10. In other words, no one would 
think of buying nitrate at £10, exce])t for some special purpose, as 
long as he could get sulphate for £12 12s. 6d. But can sulphate 
be made to pay at this figure*? There is no doubt that it can, and 
not only so, but it is cei*tain that it will prove one of the most 
remunerative businesses for the small capital invested that was 
ever known in the history of chemical industry. It must be 
remembered that the prosijective makers pay nothing for their 
ammonia ; they have the gases free, and with a cost for plant which 
can be written oti* with something like six months' profits, and but 
a comparatively small proportion of the selling price expended in 
chemicals and labour, there is a fine future in store for those who 
are fortunate enough to ])0S8ess these gases. 

it may be asked what guarantee producers have, that such vast 
quantities of this material will be got rid of? The above facts 
are a sufficient answer. There probably never was in history 
before so complete an assurance in this respect. They are 
making an ai'ticle with a superlative profit, which is clearly 
capable of replacing an enormous amount of another material, 
valuable and cheap as the latter may be. 

We now approacli the tar question. I have all along given 
my opinion to ironmasters, with whom I had to do, that little 
or no value should ultimately be counted upon for the tar from 
blast-furnaces. There are at least three reasons for this — first, 
the tar, so-called, is of a very inferior chara-ctftv, «kss cow^voc^^. 
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with coal tar ; secondly, the irousmelter Las no control over this, 
as he cannot alter his heats in such a way as will improve the tar, 
but must work under lixed conditions, his primary ohject being 
to produce iron ; and, thirdly, the coking o> ons of the future 
may, and now certainly will, be built to produce a tar of the 
highest quality in every respect, and on such a scale as will put 
blast-furnace tar rather in the shade. We have seen that the 
improved Simon-Cai'ves coke-ovens yield, even now, 7 gallons 
of excellent tar i)er ton of coal coked, or 70,000,000 gallons, if 
we assume, as hei*etofore, that even half thi^ coal coked in this 
country be treated by this method. Supposing tliis tar to be of 
average quality, as compared with coal tar, or oven less, we 
should expect from it 5 jW cent, of commercial naphtlia of '900 
sp. gr. — equal to 3,500,000 gallons, and this with a yield of 20 
l)er cent, of true benzine, would give for the United Kingdom 
an extra 700,000 gallons of the last-named product. We shall 
l»est be able to judge of the effect of this largely increased 
(juantity by companson with the amount produced in this country 
at present, taking into account only the coal carbonized for gas in 
all the principal towns. This caimot be less than 5,000.000 tons 
of coal i)er annum, which, at the low average of 5 gallons per ton, 
gives 25,000,000 gallons of tar, which, with a yield of 5 per cent, 
of commercial naphthas, gives 1,250,000 galloJLs of the latter, and 
if we regard 1 of this as benzole, we have of the latter valuable 
product 250,000 gallons. But when will this gi-eatest of i-evolu- 
tions take place? Clearly not all at once, for when we consider the 
vast amount of money, energy, and time which must necessarily 
be expended before these figures can be realise<l, we must discern 
that the end is not yet. A maximum Ciipital of, hay .£150,000, 
would put all the blast-fumace^s in Scotland in oi>eration, and this 
ouglit to i)rcKluce 20,000 tons of sulphate. A like quantity would 
l>e obtained by an expenditure of a similar sum for blast-furnaces 
working on coal in England, and gas-producers, taken together. 
All this could be accomplished within a year with ease, the only 
obstacle standing in the way at i>resent being the inactivity or 
distrust of iroimiasters, who evidently caimot realise the good 
fortune which is lying at their door, and who, instead of plucking 
the llower which is extended to their grasp, an? manifestly waiting 
to see whether their neighboui-s are going to be free of the thoni, 
which is only too freijuently the reward of temerity on the ])art 
of those who are in the van of invention. Blast-furnacos should 
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iiiUui'ally comu tirut, t'l-oui the rapidity, luiie, unit clieapuees with 
which they cun be adapted for the recovery of the volatile pro- 
ducts. Tbo adaptation of coke-ovens, however, is a more serious 
uiatter, as there is not only the erection of the pliuit for securing 
the uuiuioiua, but there is tbu alteration, or, more probably, the 
i-enewal of the ovens themselves, which ia a much more weighty 
matter, but not »o much so lU) to bo aiky barrier to its being 
gradually and surely accomplished. An estimate of the cost of 
building the new Simon-Carves ovens was given by Mr. Robert 
Dixon, manager of Messiu. Pease's coke works at Durham, in a 
paper which he i-ead >it the last meeting of thu Iron and Steel 
Institute at Middlcabro'. He puts it iLt £1H0 per oven, each oven 
converting 1'31 ton of coal per day, or 4i38'5 tons per year of 35(1 
working days. At this rate, in order to oveitake oui- 10,000,000 
tons of coal per nniiuiu, 21,810 ovens would require to be built at 
a tutal cost of .£3,025,800 — ii result which will not bo accomplished 
for years to cuiue, but which, come when it may, will find milphatc 
of ammonia selling at over £.Vi per ton, and continuing to do so 
probably as long as most of us will last, unless a very cheap mode 
of making it by the direct combination of hydrogen with the free 
nitrogen of the atmosphere he discovered, and that is not at present 
un the horizon. We are tempted to look at tlie prospective profits 
of this giant industry which is looming before us like a mountain, 
from whose sides, and even Bummit-, the mists are rapidly clearing 
away, and leaving us ui sight of an object — grand, real, ap- 
proachable, attninable. Mr. Dixon, than whom none is more 
I'ompetent to know, estimate)* the extra cost of burning by the 
Simon-Carvea ovon at the rate of ll-79d. per ton of coal, but 
states that this covers the expenses connected with obtaining the 
bye-pi-oduets, by which I understand the ammonia liquor and tar 
only. For 10,000,000 tons of coal coked this will give £491,250 
expended, more than would have been the case if the coal had 
been coked by the old methods. To this must be added, say £.5 
per ton of sulphate of ammonia produced, to pay for sulphiu-ic 
acid, labour, and plant in its production, or £.5r>%fiZ5, which, 
added to the extra cost of coking, gi-tes £l,049,2t^d, a sum which 
must be detlucteJ from the total market value of the finished 
products. These, even taking the 111,607 tons of sulphate at the 
prospective value of £.\-2 12s. 6d. per ton, imd the 70,000,000 
gallons of tar at 2d. per gallon, would give, together, £1,992,371. 
less £1,049,2»5, leaving a net profit of £Q43,08C, or a)>out 25 per 
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cent, on the ox[>ended capital. This is extremely cucouragiiig, 
esiKJcially when wc consider that the ovens will no doubt, before 
long, both bo more cheaply built and economically wrought. 

I may mention that I have recently exam hied a sample of the 
Simon-Cai*ves Tar, and tind that it is a tme " gas tar,'* containing 
benzole and naphtha, with abundance of naphthaluie, and doubt- 
less of anthi'acene also. I do not think it would be right here to 
quote the proportions of commercial naphtha and benzole which 
I found in it, as the sample was given to me by favour, and I am 
not certain that it fairly represents the bulk of the tar which is 
bemg recovered by this process, but I have placed on the table, 
samples of this tar and of blast-furnace tar for comparison, and 
also of benzole made from the tar obtained from the fomier. 

At the Southport meeting of the British Association, Mr. J. A. 
Wanklyn treated the chemical section to an account of Cooper's 
process for liming coal in gas-making with the object of increasing 
the yield of ammonia, as well as of gas or tar. His description 
and details of results are fraught with interest, and point to a large 
inci'ease in the ammonia, as well as an improvement in the quality 
of the gas and in the quantity of tar, while the cok<*, so far from 
being deteriorated, bums better and gives products of combustion 
more free from sulphur than usual, the latter being fixed by the 
lime. The actual gam in ammonia, as observed in experiments on 
a working scale at Beckton, London, Cheltenham, Liverpool, ikc, 
for an addition of about 2i per cent, of lime, was not less than 
one-third, while that of tar in one instance was 13 per cent. The 
diminution in the proportion of sulphurettml hydrogen in the gas 
was also most marked — an average of about 3 vols. \^\ 1,000 vols, 
having been found, as against 121 vols, by the ordinary method, 
and that of the bisulphide of carbon wtus observed to be from about 
35 giiiins, as obtained in the ordinary pi-ocess, to about 1 2 grahis 
by the improved ona These experiments, if such they can be 
called, were made on many thousand tons of coal, and there is 
nothing more clear than that the introduction of this process points 
to the abolition of lime purifiers, and may mark an epoch in the 
history of gas-making, if found to pay. But if it can be applied in 
gas retorts, why not in coking ovens and gas ])roilucers ? it is so 
already, necessarily but inadvertently, in blast-furnaces, the gases 
of which contain veiy much less sulphuretted hydrogen, compared 
with the amount of coal used than is the case where no lime or 
liuK^stone is employed, and there is every reason to suppose that 
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they yield more ammonia through the influence of the lime 
than if that element were absent. But if thiH process be beneficial 
in gas-making, why not in coke-making? All coke would be 
improved thereby, but particularly blastfurnace coke, such as 
that used for smelting almost universally in England, as there 
would be practically no restriction as to the proportion of lime 
employed. 

We now take a passing glance at an industry, not perhaps quite 
so gigantic as the preceding is prospectively, but still of vast 
importance, and one whose metamorphosis is |)erhaps quite as 
complete, and certainly as illustrative of the fact that the appli- 
cation of existing knowledge is frequently as potent a factor in 
pi*omoting the improvement or development, or it may even be 
the creation, of a new industry as the discovery of a new principle. 
1 refer to the iodine manufacture. For how many long yeai-s was 
it known that iodine existed in quantity in the mother-liquors of 
the nitrate of soda of Peru, duiing the whole of which time the very 
reactions upon which its present extraction is based were equally 
well known. It seems almost incredible that so large a quantity 
of a substance having so temptingly high a price could have been 
not only neglected, but absolutely thrown away ; but the reason 
why it was so seems equally incredible. It was simply this — that 
nobody did anything but talk al)out it, and contradict each other 
with regard to the |)ossible production. As soon as ordinary skill 
was brought to bear upon it, however, it yielded a lich harvest, 
and proved to the world that there was a practically inexhaustible 
store of iodine to draw upon, and from an entirely new source. 
But if nitrate of soda be replaced to a large extent by cheap 
sulphate of ammonia, will this any longer be a source of iodine ? 
Unquestionably it will, as there will always be a large quantity 
of nitrate of soda in demand for other than manurial ]>urposes, 
and, with a restricted output, both nitrate and iodine will bring a 
more natural price ; and the displacement of the foiiner will not 
only be compensated for, but in all probability we sliall see it 
with a higher market value than sulphate of ammonia — a result 
which it would be diflicult at present to induce dealers in these 
articles to believe in. Tbe curious feature in the history of this 
new source of iodine is, that, whOe the nitrate of soda people 
themselves were probing Peruvian soil for other sources of wealth, 
such as borate of lime, which is now being wrought there, they 
were watering it, barren as it is in that pait of the countiy, with 
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a bubstancc contained in the so-called " waste liquor "' which was 
worth more per lb. than almost any other manufactured chemical 
product. 

Having thus seen how, in many instanccH, nmch valuable 
mateiial has been lost simply for want of the application of exist- 
ing knowledge or for want of action, let us see whether it is not 
possible that history may be repeating itself now with regard to 
some other mattei*s, even in our own countiy. Within the recol- 
lection of all of us, the wood of the piimeval forests of America, 
and, to a small extent, of Europe, with some sea-weed gathered 
chiefly on our own shores and partly on those of the north of 
France, supplied us and the world with all the potash we required. 
The raising of potash salts from the North German deposits lias, 
however, altered that condition of things, and has at once pro- 
<ligiously swelled both the supply and the demand. The first 
source is gone, and the next has dwindled to small dimensions, so 
that we are now dependent chiefly on the last-named source. 
We cannot estimate the output from this alone at leas than equal 
to, say 125,000 tons muriate of potash per annum. The crude 
salt or "camallit,'* from which the commercial potash salts arc 
obtained, contains but 10 per cent, of potash in the fonii of 
potassium chloride. Will it l>e believed that in our country 
illimitable quantities of mineral exist containing larger proportions 
of potash than this, that arc awaiting not the advent of some 
discoverer, but merely a man with a. knowledge of chemistry, 
resources to draw upon, and a determination not to be baflled ? 
It is quite true that in the German mineral the potash is all in a 
form soluble in water, but this advantage is not so gi'cat as it 
appears at first sight, as the other constituents are soluble also, 
and hence require to be sepai'ated. In the minerals I refer to all 
is in an insoluble form, but this may be no disadvantage, as if 
only a solvent could be got for the potash the separation would be 
all the more easy on that account. If Germany has been favoured 
with a rich deposit of salts from a dried-up sea, we have in Scot- 
land hundreds of millions of tons of rocks still richer in potash. 
iSome of these — felsites — I have examined, and found to contain 
as much as 101 per cent., but, as the samples were taken at 
i-andom, it is probable that an investigation would bring out some 
still richer. I am aware that experiments have been made on an 
extensive scale in this town many yeai-s ago with the object of 
utilising some of these minerals for potash, but the subject was 
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never attacked systematically, and wo have new lights and new 
resources now which then were not at our command. Mr. Weldon 
tells us that the rocks which compose the mountains of Saxon 
Switzerland contain at least 1 1 per cent, of {iotasli (besides 4 per 
cent, of lithia). This may not be of much value to the Crormans 
as long as their big deposits of potash salts last, but it may t\nii 
out to be of importance to us to have such a mineral hero as we 
have ; for it must be remembei'ed that, in addition to the cost of 
extraction iii that country, there is a long railway carriage and 
freight to this one to pay for the cost of extraction from any 
suitable mineral here. Already important work has been done in 
this direction. Mr. John Spiller last year gave us a most interest- 
ing account of experiments he was making on the pi*eparation of 
potash alum from felspar, in which he obtauied, even working in 
a crude way, weight for weight of the felspar employed. In fact, 
an alum is made in Clermany from a mineral containing only from 
5 to 6 per cent, of potash by the action of waste sulphurous acid 
and air, and there seems no good reason why it should not be done 
in Scotland, where there are millions of tons of waste sulphurous 
material and " coal brasses " to be had for the lifting. The pro- 
spective reduction in the price of ammonia, however, holds out but 
little hope of the manufacture of alum from this source turning 
out a commercial success. Even now it would pay much better 
to use sulphate of ammonia than sulphate of potash for alum 
making, which always closes up one outlet for German potash and 
tends to weaken the monopoly. The proper direction to work in, 
however, would be that of endeavouring to obtain the ordinary 
potash salts which are consumed in such vast quantity. But do 
we not sin in other ways as regards the waste of potash salts ? 
Wagner, in his "Chemical Technology," translated by Crookes, 
tells us that in 1868 there were imported into the United King- 
dom from Australia and the Cape 62,000 tons of sheep's wool, 
which contained potash, e([ual to between 7.000 and 8,000 tons of 
carbonate, and having a then money value of about £260,000. 
Not a particle of potash was recovered from this, although that 
could be accomplished by heat and simple mechanical processes, 
without the use of any chemicals whatever ; and even at the 
present time not a pound of this is saved. We evidently prefer 
to pay our Continental fnends £20,000 a year for carbonate of 
potash, made by them from this source alone, rather than take 
anv trouble in the matter. 
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There is yet another source of loss in potash in this country, 
which, although perhaps not actually great, is small only because 
its neglect has prevented the use of the material from which it 
might be made with ])roiit. I refer to the beet-root molasses 
used in the distillation of spirit. Two samples of these, which 1 
analysed lately, contained — 

No. 1. No. 2. 

Per Cent. Per Cent. 

Sulphate of potash, - -15 '13 

Chloride of potassium, .... 2*60 1'97 

J Potash (comb, with org. acidu), - - 4*83 3*94 

\ Equal to Carbonate of potasli, 7*08 5 '78 

Taking the average amount of potash as equal, for convenience, to 
10 per cent of carbonate, there is lost, for every 100 tons of 
molasses wrought in this country, 10 tons of this valuable potash 
salt, the market value of which, at only £20 per ton, gives £200, 
from wliich falls to be deducted, of course, the cost of manufacture, 
which will not aSiount to more than one-half. But there are 
probably not more than 2,000 tons of beet molasses used per 
annum in this country. There can be no reasonable doubt, how- 
ever, that they would be very much more employed if the proiit 
from the potash salt was forthcoming. On the continent of 
Europe some 15,000 tons per annum of carbonate of potash of 
high quality are made from this source; and it frequently happens 
that, when eitlier the price of beet sugar, or the poor quality of 
the beet as regards sugar, precludes the possibility of the profitable 
manufacture of the latter article, the beet juice is turned ijito 
spirit and potash salts in preference. 

When last I had the pleasure of addressing you, about nine 
months ago, I proposed the utilisation of the waste heat of blast- 
furnaces for the recovery of the salts from sea-water, with the 
object of not only producing chloride of sodium, which could be 
made into carbonate of soda by the ammonia of the blast-furnaces 
themselves — obtained on the spot — but also of producing chloride 
of potassium — a product having 20 times the value of common 
salt — and of recovering the Glauber's salt, which, if desired, could 
be obtained in a dehydrated form by the process of Pechiney. 
Since that time a portion of the waste hexit from the furnaces of 
Messrs. Bell have been utilised for evaporating the biine from the 
rock-salt deposits in their neighbourhood for the Newcastle market, 
and Messrs. Bolckow, Vaugham, it Co., Ironmasters, Middlesbro', 
were at once to follow suit. I am not aware whether any attempt 
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is being made to recover the chloiide of pottissiuin and 8ulphati> 
of soda from tlie mother liquors of sea salt, as is done at Aigiies 
Mortes, in the south of France, but reasoning from analogy, 
probably not. 

We are moving on slowly, however, and Mr. Spiller may not be 
far out in saying, as ho does in the article in connection with 
which his name has already been quoted, that, *' like as the 
American potashes have been to a great extent displaced by the 
StassfUrt salts, so, in time, it may chance that British sources of 
potash will take the place of German supplies." It is not long 
since a coalition was formed among German potash manufacturers 
to carry matters pretty much as they pleased, and to force their 
views upon consumers. The wisdom of this policy lias l)een called 
in question by high authority, even in their own country, but it 
serves us right for our inanition with regard to our own potash 
supplies, which we evidently wish to leave a legacy to jwsterity, 
untapped, as we found them. 

And we are to have another alizarine work at Middlesbro' ! 
Well, with abundance of anthracene from the Simon-Carvos tar 
at their door, and a big home demand, it is hard to say what 
success may not attend this enterprise, which undoubtedly arose 
out of a coalition on the part of Geiman makers to carry things 
with a high hand — a policy always inatlvisable, if not positively 
dangerous, this example being just a repetition of the old Sicilian 
sulphur policy, which gave rise to the utilisation of pyrites. Let 
us hope, at any rate, that this new alizaiine industry in this 
country will wipe out the reproach under which we have figured 
in the eyes of other nations, to the effect that we had to send 
our crude material to our Continental friends to be made into a 
finished article by skill superior to our own, and buy it back from 
them on their own terms, as they were masters of the situation. 

But the question arises, how are these defects in our system to 
be remedied? Much has been said about original research, but is 
it not better to understand clearly in what way that is to benefit 
us. I sympathise strongly with the views of a wiiter to the 
Chemical News^ of 2nd inst, on this subject — Mr. F. J. Lloyd. 
While advocating strongly the necessity for original chemical 
research, even in purely scientific channels, and admitting that 
England is far behind in this respect, he points out what most of 
us must have observed, that much of the so-called original investi- 
gation, accounts of which reacli us from tlio continent^ consists in 
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the expansion of an iniinite number of trivial points to an abnor- 
mal bulk, indicating cleai-ly a want of originality and i>ei'eeption 
in devising really new and importunt subjects, and resulting in 
work which, to say the least, is childishly finical and unsubstantial. 
Ho further points out that much valuable original rescarcli is 
carried on privately in England in coiniection with technical 
chemistry, which, for obvious reasons, does not find its way into 
chemical journals at all. Indeeil, if the truth be told, we have a 
plethora of chemical literature, much of which nobody needs, 
nobody wants, and nobody will read, a great part of it being mere 
copy and repetition of what has been done perhaps years before. 
No one cares to know whether the specific heat of the vapour of 
moniodomethylsulphobenzamine-metachlorido at temi^eratures be- 
tween 127-75 and 127-93"C, is -039981 or 039982, and as far as 
the present and prospective bearings of that point are concerned 
it may be left alone, as it is probably of no more consequence 
than the question of how many spirits could dance on the point of 
a needle. It is but natui-al and proper that the most important 
subjects for investigation should receive, as fur as possible, the 
first attention. Much money is being wasted by certain Govern- 
ments on trivial matters connected with science, particularly in 
the direction of supporting Chemical Colleges and Institutions, 
evidently to tui-n out chemists in far greater numbers than the 
world requires, or is likely to i-equire for some time. These poor 
fellows, while they are at college, must have subjects of some kind, 
and the poor assistants who have charge of them must cudgel their 
bi*ains to find .subjects for them somehow, and their work must be 
printed in some journal to make it appear of importance, and 
chemists are s\ipjx)sed to )>uy these periodicals, and to pay for the 
binding of theni, and even to lay them past on their shelves, for 
they camiot be expected to read them, and thus great expense is 
incurred, which beai-s but little fruit. Would it not be wiser if 
the Governments of those countries who jjay for the support of 
these institutions dictated the nature of the subjects, to some 
extent at least, which were to be investigated; and this could 
easily be done by a properly appointed committee who knew the 
important and immediate wants of a. country much better than 
a student in a scientific chemical laboratory. But, after all, a 
country must not depend too much on the paternal watchfulness 
of its Government in these matters, and, fortunately, in this country 
we don't. It nnist have struck most of us that a large jn-oportiou 
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of the inventions and discoveries of note and value in this country 
have been mado without state aid or suppoi-t, and frequently by 
men who have not had the advantage of a scientific education in 
their youth. If the fostering of the state couhl be brought to 
bear upon such men as these — selected by merit — much gooil 
might be done, but I fear there is a general tendency rather to 
bestow on large masses of irresponsible individuals an education in 
science subjects, up to a certain low standard, and who, very soon 
after so much of the countiy's money has been expended upon 
them, slip the whole thing. Shall we wait, then, for the tardy 
assistance, which comes weighted with impossible conditions from 
high quarters] Certainly not. Let every man who bears the 
name of a chemist, and especially every young man, lay hold of 
some good subject, which, with a little discretion and advice, he 
will have no difficulty in being guided to, and let him make it 
peculiarly his own, and let him but exercise his working faculties 
on it — incessantly, indefatigably bestowing upon it his choicest 
thought and skill, and devoting to it all his si>are time, " without 
haste,'' but "without rest," and he will soon find that what he sowed 
in toil and anxious expectation will bring forth fruit, after its 
kind — either in honour or money, or both — " some thirty, souk^ 
sixty, and some an hundred-fold." 
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II. — Technical Kdii cation, vnth special rp/erence to the reqnire- 
menis of Glasgow ami the }Vest of Scotland. By 11 en it y 
Dyer, C.E., M.A. 

[Read before the Society, 21st November, 188,*{.l 



Various papei-s have been read at the meetings of this Society 
on the subject of Technical Education, during the past few years, 
but, so far as I know, these have always been confined to the 
consideration of general principles or to descriptions of Continental 
methods, and no one has attempted to sketch such a system as 
is required for Glasgow and neighbourhood. At a time when a 
Commission on Technical Education is engaged in taking evidence 
both in Britain and on tho Continent, when the Scotch Endow- 
ment Commissionei-s have completed their labours and their 
proposals are about to be carried into eftcct, and when a Scotch 
Univei*sity Bill is iu tlie air, no apology is required for again 
introducing the subject, but this time with the more definite 
object of obtaining opinions as to the moans which require to 
be taken in Glasgow and neighbouring districts, to enable the 
directoi-s and managers of their important manufacturing works 
and their workmen to hold their own in the ever-increasing 
competition of the industrial world. 1 have no doubt the Com- 
missioners and the managers of the various institutions will be very 
glad to have the opinions of the Members of this Society on this 
subject. 

The proposals which I am about to make are not submitted as 
the only, or even the best, which may bo given, but are intended 
chiefly as a basis for discussion, and I have no doubt they are 
likely to be considerably modified in the scheme which is actually 
carried out. When, however, f state that my knowledge of 
engineering was gained in Glasgow — first in the workshops, ship- 
building yards, and evening classes, and tlien at the University, 
in each of which positions I tried to make the most of the 
opportunities at my disposal — and that since I left Glasgow, 
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nearly eleven years ago, I have taken the chief pai*t in organising 
and managing what is now one of the most complete Technical 
Colleges in existence, I think it will \wi admitted that I have 
liad sufficient experience of the subject to justify my opinions 
being at least carefully considered. Moreover, during the past 
few months I have had opportunities of personally examining 
some of the chief Technical Schools on the Continent ; and I hope 
to incorporate in my proposals, not only the i-esults of my own 
experience, but also such parts of the Continental systems as my 
observation, and discussions with French and Gennan Professors, 
have led me to believe are suited to our wants and conditiona 

The term " Technical Education '' lias been very much used of 
late, but I must confess I do not carci much for it, as it leads 
^leople to consider Technical Education as something like a s^iecial 
subject — in the same way as Matheniatics or Astronomy — whereas 
it means nothing more than an education specially suited to the 
career of the persons who receive it. Whatever the career of a 
man is likely to be, it is absolutely necessary that he be taught to 
think for himself, and any system of eiiucjition, h»t it be called 
liberal or technical, which does not train him to iudei)endence of 
thought must be pronounced a failure. In the excitement about 
Technical Education care nuist be taken that the students are 
really educated, and not merely crammed with facts, figures, and 
details generally; for, in such a case, their so-called Teclmical 
Education is likely to do them as little good as that which was 
formerly called liberal. All education should lie liberal in the 
sense of enlarging the powers of the students, but there is no 
reason why a gi'cat part of it should not bo technicaly or such as 
has a direct bearing on what is likely to be their chief business in 
after life. This object was clearly kept in view when schools and 
universities were founded in the Middle Ages, when the subjects 
taught were either those directly required for the professions, or 
were necessary as a foundation on which professional ti*aining might 
be based. But while the world has been moving onwai-ds since 
those early days, and knowleilge has increased, and new professions 
and callings have arisen, the great schools and universities have 
continued to affoi*d very nearly the same sort of education as was 
given when the Church, Law, and Medicine were the only pro- 
fessions, and when there were no trades or other callings which 
demanded an intimate knowledge of the great world of Nature 
around us. 
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It is impossible to draw a line between technical and general, 
or liberal, education, and that is why I think that it is a mistake 
that such prominence has been given to the former name. As, 
however, its use is so common I will continue to employ it in this 
paper, and will suppose it to mean the training which men require 
to undergo in order to be titted to pursue special callings, limiting 
ourselves, however, in the meantime, to the consideration of those 
connected with the great industries for which Glasgow and the 
West of Scotland are so justly celebrated. These industries 
generally require two distinct classes of men — the directors or 
managers, and the workmen or tradesmen — and it will be con- 
venient to consider the training required by these two classes 
separately, although there are no reasons why members of the 
trade class should not, after completing the curriculum specially 
arranged for them, be enabled, or i)erhaps I should say encouraged, 
to take advantage of the higher training which would fit them to 
act as managers or directors. 

All educational science and history teach us that educational im- 
provement works from the top downwards, and not from the 
bottom upwards. If the professional schools, let them be called 
Universities or Technical High Schools, represent a low standard 
of instruction or examination, or an incomplete curriculum, the 
primary and secondary schools leading up to these institutions will 
always be feeble and inefficient. In consideiing therefore the scheme 
of education for tniining men for any profession whatever, the first 
thing we have to do is to find out what is necessary for those who 
occupy the highest positions, and make that the standard to which 
all arrangements lead. I have no doubt some i>ersons will say 
that this is beginning at the wrong end, but I would advise such to 
study liistory, and they will alter their opinion. After the crushing 
defeat of Jena, the Prussian Government undertook the regeneration 
of the State through education, and the first thing that was done 
was the establishment of the great Frederick William University 
at Berlin : and such was the effect not only in the schools, but also 
on the other Universities, which had fallen to a low standard, 
that Germany now leads the world in intellectual progress; and 
we all know how great an influence the Universities of Britain 
have exercised on the schools which lead up to them. That such 
higher institutions can l>e made thoroughly successful in a very 
short time, my experience in Japan convinces me, for there a 
College was organised which trained in the various branches of 
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engineering, and in which the standard reached did not fdl very 
fai' ehort of that maintained in corresponding subjects in Germany. 
Of all places in the world, Glasgow otfers the greatest number of 
advantages in the way of practical training in the various depart- 
ments of industry ; and its primary and secondary school arrange- 
ments could easily be modified to afford the preliminary education 
necessary for students entering an institution for training in the 
higher parts of their subjects; and the Buccess of such an institution 
cannot -be doubted, if it is judiciously aiTanged and managed. 
Other persons will doubt)enH say, euch higher education is not 
wanted by men who arc to be directors or managers of industrial 
works, nay, that it unfits them for undertaking the duties of such 
positions. This was not tlie opinion of George Stephenson, who, 
notwit^tanding his great geuiux, felt acutely the want of better 
education, and did all in his power to provide one for his son, nor 
of Fairbaim, and other self-made men, who were continually 
lamenting tfaeir inability to investigate scientific subjects without 
the assistance of some of their friends who had been more fortunate. 
The large number of imperfectly educated men, who, by natural 
talent and a fair stock of common tettse, have been able to do good 
work in engineering, seems to support the view that much higher 
education is not witntcd ; but it must be remembered that the con- 
ditions under which work is done have altered much within the 
last few years. In Britain we had the advantage of abundance 
of raw materials, and had few or no competitors ; now, however, 
our materials are becoming scarcer, at least improved carrying 
facilities have placed us more nearly on a, level with our Conti- 
nental neighbours, and competition is now so keen in many branches 
of industry tliat I am told that a Inrge proportion of the profits 
are made by utilising what were formerly ::iilled waste products, 
and by taking advantage of economical methods. 

We cannot allow the rueful training of those in charge of our 
manufactories to fall below that given to managers of simiUr 
works on the Continent if wc wish to retain our supremacy, for 
if we do wc will soon find ourselves undcrKoKI, or be under the 
necessity of employing foreigners, both of which things have taken 
place to a considerable extent already. 

Observe, I said the icse/ul training, for I think u gi'eat deal of 
what is given in Continental schools is not useful. Some of the 
higher theoretical subjects are not requii-ed as means of education, 
for the minds of the studcnis can be more efiectually trained by 
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subjects which they can understand and apply ; nor are they 
wanted in the practice of their professions, and consequently arc 
soon forgotten, whereas the time spent on them might have been 
utilised in obtaining a better knowledge of the practical })arts of 
their work. Not that I would discourage such higher theoretical 
studies in those who liad a special bent for them, but simply thiit 
they should not form an essential pai*t of the scheme of education 
of all who enter the profession. 

The term " engineering " is wide enough to include all -the pro- 
fessions connected with the great industries, and in the college in 
Japan I arranged for the following divisions being recognised and 
taught, viz. : — Civil Engineering, Mechanical Elngineering, Naval 
Architecture, Chemical Engineering, Electric Engineering, Mining 
and Metallurgy, all of which are of great importance to Glasgow 
and the West of Scotland. 

Civil engineering was formerly used to denote all engineering 
other than military ; but the name is now generally restricted to 
such woyks as roads, railways, canals, river and harbour works, 
and to structures generally, as distinguished from mechanical 
engineering, which is occupied with the design, construction, and 
use of machines. With the Clyde as the headquarters of ship- 
building, can any one doubt the success which would attend a 
properly organised institution for the systematic training of 
mechanical engineers and naval architects, and for the theoretical 
and ex|)erimental investigation of all questions which aiise in con- 
nection with their worki Ordinary or land architecture is a sub- 
ject evidently requiring more attention from a great many men 
who pi-actice it, for T find a well-known Glasgow architect saying — 
** We have, uo doubt, the presumptuous and unscrupulous in 
eveiy profession ; but I question if you will find so large a pro- 
l)ortion of the ignorant in any other — of course, I mean ignorant 
in the sense of being dt»ficient in professional knowledge, through 
insufficient or inefficient professional training.'* I have no doubt 
some members of the profession will protest against architecture 
being called a branch of engineering, having always been accus- 
tomed to regard it as a fine art ; but lUthough all architects should 
study the artistic side of their work, it is a great misfortune that 
they do not undergo a better training in the fundamental princi- 
])les of construction, and of physics applied to architecture. If 
tht;y did, we would have buildings which were not less beautiful, 
but wliich at the same time wore made to suit the purposes for 
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which they were intended, and with the i)artu properly propor- 
tioned as regards strength ; we wouhl have public halls in which 
it was i)ossible to make one's self heard without extraordinary exer- 
tions, and in which the ventilation was so aiT.inged tliat when 
they wei*e filled with people it would be possible to remain in 
them with a moderate amount of comfort ; we would have private 
houses which were not nests for generating typhoid fever, and in 
which we would not be stupitied by a few hours at a social re- 
union — considerations which enable us to fairly claim architectui'e 
as a branch of engineering. Electric engineeiing — a subject which 
is developing i*apidly — is now of sufficient importance to be recog- 
nised as a special branch (although its applications will soon be- 
come so general that all classes of engineei*s must study them to 
a certain extent), while the wide domains of applied chemistry, 
mining, and metallurgy all give op})ortunities for the application 
of the highest scientific knowledge, and I'equire a thorough train- 
ing in those who pmcticc them. 

It is impossible to arrange courses of study suited exactly to the 
wants of every branch of manufacturing industry, but the divisions 
I have immed are suthdent to cover the wide field of wliat is 
usuaUy called engineering; and after having completed a course of 
study in one of those divisions, the students would be very soon 
able to learn the special details required in their every-day work. 
The greatest liberty ought to be allowed to those who wish to attend 
special classes, so that they might supplement some other course, 
or perhaps only study such parts as their time permitted. 

In a paper like the present we cannot enter into the details of the 
courses for the subjects I have enumerated, but a few of the 
chaitkcteristics which should be couunon to all may be mentioned. 
When the students begin them they are likely to be about 1 6 or 
17 years of age, and should have received as liberal an education 
as possible, and at fii*st should devote themselves chiefly to those 
sciences which are required for the special branch of tlie profession 
which they liave selected, giving some of their time, however, to 
other subjects of a moi*e general nature, such as those connected 
with literature, philosophy, and ai-t, in order that they may have 
opportmiitics of rising above the detjiils of their every-day work, 
and taking a wider \'iew of life and its purposes generally. Then 
there are certain subjects which should be common to all the 
course.s, such as, for instance, those on the properties of materials 
and what is usually called Applied Mechanics, but which I prefer 
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to call the Dynamics of Engineering, being a resum^ of the parts 
of Dynamics which are specially used in Engineering, and the 
methods of applying them. 

The instruction in the special subjects should not be confined to 
mere lecturing, which, to a great many students, is very unprofit- 
able. Lectures are useful if they teach the students to think for 
themselves — if they stimulate to exertion, and give advice which 
springs from personal experience — if they guard against wrong 
methods, and give information as to the latest results on any 
branch of the subject ; but it is a waste of time, both on the part of 
the student and the teacher, if they are confined to a restatement 
of principles which can be studied in print with greater advantage 
than from lectures. The teacher ought to use a text-book, and 
occasionally give a running commentary on those parts which seem 
to require it ; but the greater portion of his time in the class-room 
should be employed in giving illustrations, and the results of 
practical experience and of original investigations. The most im- 
poitant pai*t of the work, however, should be carried on in the 
drawing offices and laboi*atories. In the former, mere copying of 
drawings should be prohibited, and everything done from sketches 
taken by the students, from models or actual machines, or from 
data supplied by the teachers, all the details of the calculations, 
however, being made by the students, in the laboratories, 
experiments should be made to illustrate dynamical principles, 
to ascertain the proi)ertie8 of materials, and to test the efiiciency 
of engines and other machines ; while the electric cngineei's, the 
chemists, and metallurgists should have departments of their own, 
with all the necessary appliances ; and the naval architects a tank 
for experiments with ships' models. To the various departments 
there ought to be attached small workshops, with a selection of 
hand and machine tools, not for the purpose of teaching the 
students the practical part of their profession, but simply to give 
them an elementai-y acquaintance with tools, and facilities for 
preparing their laboratory experiments, and opportunities for 
making such 2)arts of appamtus as they may theuiselves have 
designed. Then there ought to be museums in each department, 
or a convenient central museum, where the students could spend 
some of their lcisui*e time in examining well-arranged specimens 
of raw materials, of products in vaiious stufis, and of all kinds 
of machines and engineering appliances. I need not enumei*atc 
further at present, as I have ali*eady mentioned more than is 
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likely to be supplied for some years to come; but the system 
I recommend uiay bo brieiiy summed up by saying that tlie 
professors should endeavour to make their instinictions real, by 
acquainting the students >Yith things themselves, instead of merely 
giving them information about things. 

The examinations, esi)ecially those near tlie end of the course, 
should be of such a nature as to test what the students know 
about their subjects, and not, as is very often the case at present, 
give prominence to the best crammers and the most expert writers. 
They ought to be placed under very nearly the same conditions 
as they would be in actual practice — that is, supplied with the 
necessary data and a few books of reference, and be prepared to 
show that they are able to apply their knowledge to the solution 
of practical problems. 

So much for the more theoreticsd side of the students' education, 
but as much importance must be attached to the practical, for 
successful engineers are only to be obtained by an intimate 
combination of theoiy and practice. Different plans have been 
proposed for obtaining a knowledge of piuctice. The most usual 
recommendation is that the students complete their College course 
before begimiing their apprenticeship, but in my opinion this is a 
mistake, as it is of the utmost importance that they begin their 
practical work as early as possible, as it gives them a great 
advantage in their studies when they have liad souk; exi)eriencc in 
the workshops. Moreover, yoimg men of 20 or lil are not likely 
to take to what is often considerable (but very necessary) drudgery, 
as those who are three or four years younger. To get over the 
difficulty it has been suggested that the apprenticeship should be 
served before entering College; but on the other band, I am afraid 
that few would have patience to begin a lengthened course of study 
when they were 20 or 21. In Japan I got over these two 
difficulties by keeping the students at College in the winter and 
spring months, and sending them out to works during the 
remainder of the year, and, in addition, requiring them to serve 
two years under properly qualified engincei*s, and I think this is 
the system which ought to be carried out in Glasgow, It may be 
said that engineers would object to receive apprentices if their time 
was broken in the way I have suggested, but I think that there 
would be no difficulty in obtaining employment in workshops if the 
students went in as real working apprentices, and were paid the 
market value of their work, and made to imderstand that their 
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business was to work« and surely more than niiiepence or a 
shilling's worth (which is the average apprentice wage) could b(i 
taken out of young men of 17 or 18. All the classes of engineers 
I have mentioned would l)e the better of some exjierience of this 
sort, but in the case of Civil Engineering, Architectural, and 
Mining students, part of their summers might Ije spent in tlio 
practice of Surveying. It must be distinctly understood that I am 
not now speaking of the great body of apprentices (who will work 
in the usual manner), but of the compai*atively small number whose 
|>arentB can afford to give them a rather expensive College coui'se. 
I will delay what further I have to say about apprenticeship till I 
s[)eak of the training required by tradesmen or mechanics, for this 
part is common to them, and to those who are preiwtring for the 
higher positions. 

The next question to consider is — What class of institution or 
institutions should luidertakc the instruction in the professions I 
liave mentioned? Is it necessary to organise separate independent 
institutions, such as the Gennan Polytechnicums, or is it possible 
to extend the means already in existence for Technical Pxlucation 
in Glasgow to meet the required wants? In Scotland the training 
for the older professions of the (Church, Law, and Medicine, has 
been undertaken partly by the Universities, and partly by the 
private schools and corporations connected with tliose professions, 
and I think it will be admitted bv all wlio havi; studied the 
question that the work has been better done by the two kinds of 
institutions than it would have been done bv one of them. But 
without doing away with the healthy enmlation which should 
always exist l>etween learned institutions, is it not possible to 
imagine a University wide enough to include all the higher 
education in a given district? For instance, could not the 
University of (Jlasgow attiliatc any institution in the West of 
Scotland in which the standard of instruction was sufficiently 
high, whether that was given in Arts, Theology, Ijaw, Medicine, 
or Engineering, and grant it« degrees to thoM* students who passeil 
the necessarv examinations? 

The classes of the various Presbyterian Theological Halls are 
already recognised for the degi'eos in Divinity, iuid those of ceitain 
teachers in th(^ different departments of Medicine for the degrees 
in Medicine, and all that is wanted is to extend the same privileges 
to tc.^chei*s of other subjects who are in a position to satisfy the 
proper authorities that the instruction they give is worthy of 
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University recognition. Arrangements could easily be made 
which prevented teaching mainly directed to enable the students 
to pass examinations, or ''cramming," as it is usually called. I 
think that examiners are very often more to be blamed for 
cramming than teachers, as the examinations should be of such a 
nature that mere ci'am would count for little; as I have already 
indicated, I can contidently say that for Engineering subjects its 
influence could be reduced almost to zero. The general subject of 
University organisation, however, is beyond the scope of this 
paper, and I will content myself with simply expressing the 
opinion tliat all the higher education relating to Engineering 
should be given either directly in the Universities, or in 
institutions in wliich the teaching is recogniseil a:} leading to their 
degi'ees. 

In the sequel I will use the term "Technical College,'' as a 
convenient name for the means by which the higher industrial 
education is (tarried on, whether these may l>e altogether through 
the University, or in great part independent of it, while the tenn 
** Technicid Institute " will denote the more general oi-gaiiisation, 
which includes not only the Technical College, but also the 
secondary and elementary industrial teaching i-equired for the 
various trades. 

The Endowment Commissioners propose to organise a Technical 
College in Glasgow, and if the amount of the funds at their dis- 
posal was very large, and they knew exactly what was wanted, 
it might be advisable to found a hii*ge institution in which 
instruction was given in every industrial profession; but I am 
informed that the money they have to Ki)end would go a very 
little way towards its erection, and very likely after it was 
erected it would be unsuitable for the purposes for which it was 
intende<l. lb is not sutiicient to have four walls and a roof as a 
place for giving, at least, the higher j^arts of technical education, 
for each department requires special arrangements in its buildings, 
and room for expansion as the demands of the public increase. 

I have no doubt that fifty years fi*om this, the buildings 
devotetl to technical education in Glasgow will rival the hand- 
some pile on Gilmorehili, and while I'ecognising the advisability 
of obtaining as suitable buildings as (lossible, ui the meantime let 
us follow the example of the early Universities, and first create 
a demand for the newer education before we invest money in 
stone and lime, which could b«? use<l to gi'eator advantage in pro- 
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viding good teaching and apparatus. A College, or University, 
is not necessarily all contained within one building, but for 
success it is requisite that its various part* be so airanged that 
they all work in harmony. For instance, in the German Univer- 
sities you often find the most important subjects taught in what 
are called Institutes, all of which, however, take part in the 
University programme of teaching. 

If the present Glasgow University buildings are not sufficient 
to give all the necessary accommodation for the higher industrial 
education (and, I believe, they are not), then other buildings in 
the town should be utilised, and the instruction given in them 
recognised as leading to the University degrees. These insti- 
tutes, as they might be called, would be directly controlled by 
the University, in so far as the standard of instruction and 
examuiation is concerned; but the management of details should 
be left to men who were capable of advancing their interests, in 
short, there ought to bo local self-govermnent, combined with 
sufficient centralisation, to prevent any loss of efficiency. 

I have no doubt some persons will say that the University is 
not the place for technical teaching. If that bo so, I would ask, 
what is the meaning of the engineering classes ? If they are 
worthy of a place at all they are worthy of being developed in the 
way their importance demands. I think no objections are likely 
to come from the University authorities, as I remember, some 
years ago — I suppose with their approval — Professor Young in- 
augurated a class in mining, but which was stop|)ed after a short 
time from want of support, and at present lectures on marine 
engineering and naval architecture are given in the University. 
Some of the younger colleges and universities have courees in the 
various departments of engineering very fully developed, and a son 
of a former president of the society, who is now a distinguished 
professor at Oxford, distinctly recommends such courses for Oxford 
and Cambridge. Professor Bryce says: — "The Universities do not 
attract students from all classes because they do not give professional 
insti-uction. To give everybody a fii^st-nite general liberal educa- 
tion is a noble ideal for a university. But not everybody has time 
for such culture, and a university throws away half its usefulness 
which either refuses professional training to those who have not 
hail a general liberal education, or forgets that professional train- 
ing, given in a truly philosophical and scientific spirit, may be 
made stimulating and cultivative, ius well as pi*actically useful. It 
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would be a fine thing, no doubt, to take every lad who was going 
to be an engineer, or a doctor, or an attorney, through Sophocles, 
and Kant, and the Differential Calculus. But if that cannot be 
done, is it not better that the lad should learn his mechanics and 
law and physiology in a university, from teachera who have an 
educational as well as a practical end in view, and in the company 
of fellow-studentB whose ideas and pursuits are different from his 
own, and will enlai'ge his horizon, rather than that hd should be 
warned off because he has not passed through the theoretically 
best preliminary course 1 Consideiing that most men spend all 
their lives in the practice of some gainful art, it is surely a great 
thing that they should have })oen given in their youth a worthy 
and scientific conception of that art. As it is, the English univer- 
sities, in the pursuit of this ideal liberal education, have dropped 
that professional instruction which they gave in the middle ages, 
and which is still given by their sisters in Grermany, Scotland, 
Scandinavia, and to a considerable extent in America also." The 
latter part of this last sentence, of course, refers to the systematic 
instruction given in the universities named in theology, law, and 
medicine, although, in speaking of Scotland and America, he 
might have in view the departments of engineering, imperfectly 
developed as they are; but in the article from whicli I have quoted 
he distinctly recommends the institution of professorships in every 
branch of knowledge, and especially in such practical subjects as 
engineering, mining, applied chemistry, and agriculture. 

The students of engineering should spend three or four winter 
sessions at the College or University, the summers being taken up 
in practical work ; and those who attained the required standard 
should be awai-ded the degree of B.Sc, or, in the absence of that, 
a special certificate — the degree of D.Sc, or higher certificate, being 
reserved for those who subsequently passed a higher examination, 
and displayed original ability. I have said that the average age 
of the students when entering the Technical College would be 16 
or 17 yeare, which is considerably below that of corresponding 
institutions on the Continent. For instance, in the Ecole Centrale 
in Paris the average is between 19 and 20 years, the minimum 
being fixed at 18. As, however, it is of the utmost importance 
that the students have an early acquaintance with practical work, 
I think that sufiicient instruction for the great majority of them 
could be given in the time I have named, but arrangements ought 
to be made for ha\*ing courses of lectures by men of experience 
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in special branches, which coiiUl l>e attended in the evenings by the 
students who had completed their college coui*se ; and encourage- 
ment should bo given to those who displayed ability for original 
investigation and higher studies to remain longer at College ; but 
these would generally aim at being profe.ssoi*s and teachei-s and not 
pitictical engineers, the proper training of whom would l)e a most 
important part of the functions of the College. 

Should it be found that insufferable difficulties are in the way 
of connecting the Technical College with the University in the 
manner I liave indicated, I hope that at least some friendly links 
will be established between the two, which may be increased as 
time goes on till complete amalgamation takes place. On the 
Continent, especially in France and Switzerland, you find the 
scientific classes of the University dwarfed by those of the Poly- 
technic School, and a great waste of teaching power and appliances 
takes place in both institutions, and there is no reason why this 
should occur in Scotland, where the Univei-sities have always been 
the chief professional schools of the people. 

I think, however, it is probable in the meantime that the 
opinions of the authorities of Glasgow University will agree 
with those expressed by Piincipal TuUoch a few weeks ago when 
speaking at the inauguration of University College, Dundee (which 
is essentially a Techniad College). While wishing the new insti- 
tution every success, he said ** it was not for him or anyone to say 
whether the College in the future would seek an alliance with an 
older Univei*sity, but the course for it at present was to set itself 
to its own work in the community, and, in short, to try its own 
strength. The C^ollege would, he believed, find genial soil in 
Dundee, and what it found to do, it should do with its might." 
On the other hand, those connected with the Technical College are 
likely to agree with Lord Dalhousie. When speaking of the 
advisability of affiliation with a University, he said " it had been 
decided that, for tlie present at all events, no step of that kind 
should be taken. The question was one of those which, if they 
only gave it time, would eventually aiLswer itself. By-and-by 
they would see their way clearly, but for the present they did 
well to reserve their freedom of action. They would learn by 
experience what they really wanted, and, when they had found 
that out, it would be time enough to make a move." 

The circumstances of Glasgow are, however, difterent from those 
of Dundee. We have a Universitv in our midst, while that at St. 

ft ' 
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Andrews is a considerable distance from Dundee, and it is 
imix>ssible for students of the new College to take advantage of the 
University classes, whereas in (llasgow that could be easily done. 
I agree, however, with Lord Dalhousie that the question of the exact 
relations whicli ought to exist l>etween Univei'sities and Technical 
Colleges is one which, if we only give it time, will eventually answer 
itself, and I think that the tendencies of the age are all in the 
direction I have indicated. 

Let. us now shortly consider how in.struction in the various 
departments I have immed might be carried out in Glasgow. The 
present classes in Civil Engineering and Mechanics in the 
University should be taken acFvantage of by all who can aflbrd the 
time for them, as the subjects thei*e taught give a basis for the 
different departments of engineering ; for although it is necessary 
to specialise the training of the students towards the end of their 
course, it is even moi-e essential tluit they should b<^ thoroughly 
grounded in [)rinciples. It is quite impossible, however, for one 
Professor to do justice to all the subjects named. In University 
College, London, which is not by any means a rich institution, there 
are three Professoi*H for the same subjects, one for Applied Mathe- 
matics, a second for Civil Engineering, and a third for Mechanical 
Engineering, and in addition a special Professor for Architecture, 
a subject which 1 believe is partly taken up in the lectures in 
Glasgow University. In a Gennan Polyt<?chnicum, which is really 
an Industrial University, you find those subjects diwled among 
twelve or more Professors and Assistants. For instance, in that at 
Aachen there are four Professors of the different branches of what 
is usually called Applied Mechanics, while in the department of 
Civil Engineering there are Professors for each of the divisions of 
Hydraulics, Bridges, and Roads and Railways, and in that of 
Mechanical Engineering Professors of the Elements, Theory, 
Kinematics, and Construction of Machines, and of Mechanical 
Technology. With the excellent opportunities in Glasgow for 
practical work there is not the same need for so much specialisation 
as in Germany, but to make the coui*se of instruction w^hat it 
ought to be, more teaching power is wanted. The institution of 
the Lectureship in Marine Engineering and Naval Architecture is 
an admission of the necessity for some degi-ee of specialisation, but 
I understand that the present arrangements are altogether of a 
temporary nature, no proper accommodation existing for the class. 
It ought to be converted into a Professorship and placed on a more 
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permanent basis. And here I would remark, that in the German 
Polytechnicum I have mentioned, Naval Architecture and Maiine 
Engineering are taught by one of the Professoi's of Machine 
Construction; and this is as it ought to l>e, for tlie one is as much a 
branch of Mechanical Engineering as the other. The same 
materials, tools, and appliances are used in the shipbuilding yard 
and the engine shop, both subjects require the same preliminary 
training, and every Naval Architect sliould know a gi^eut deal about 
Mechanical Engineering, and every Marino Engineer a great deal 
about Naval Architecture, as I think those who have had experience 
of the subjects will be willing to admit. Not that the tmining should 
bo exactly the same in every respect, but simply that a great part 
of it should be common to both divisions of the profession, each, 
however, going more into special details towards the end of the course. 
It is a well known fact that the greatest improvements in iron ship- 
building have been made by men who were trained as mechanical 
engineers, and it is absurd to continue to look upon Naval Archi- 
tecture as the same sort of profession as it was when ships were 
built of wood and propelled by sails. 

Some yeai-s ago an influential committee, of which Mr. W. Mont- 
gomerie Neilson, who has always taken a gi'eat interest in Technical 
Education, was the convener, i^ecommended the foundation of a Tech- 
nical College, iji which there should be (among othera) a Professor- 
ship of Naval Architecture, Marino and Mechanical Engineering ; 
but in my opinion there ought to be one for the more general parts 
of Mechanical Engineering which I have mentioned above — paying 
perhaps special attention to Locomotive Engineeiing — and another 
for Marine Engineering and Naval Architecture. The importance 
of those subjects to Glasgow and neighbourhood requires that they 
should be well taught, and an Institute near the University, and 
thus also near the centres of engineering and shipbuilding activity 
would, if properly arranged and managed, be certiiin to be a great 
success. The day classes would represent the higher branches, 
while those conducted in the evening, either by the Professors, or 
under their sui>eiintendence, would be suitable for draughtsmen, 
firemen, the higher class of workmen, and I think I may add of 
captains, as recent events have shown the necessity for these latter 
knowing something about the principles of the stability of their 
ships, and the Wreck Commissioner has recommended that they 
l)e furnished with the results of experiments and calculations on 
the subject. 
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Ordinary or Laud Ai-chitecture ia partly provided for at present 
in the University, but special Lectureships and, ultimately. Pro- 
fessorships are wanted in that subject — treated loth as a branch 
of Engineering and as a Fine Art At first, some of the best 
architects in Glasgow might be induced to deliver Courses of 
Lectures in the evenings, in some convenient locality — as, for 
instance, in the College of Science and Arts, so that students who 
have attended the University classes and were engaged in business 
during the day might take advantage of them, and, as their 
numbers increased, more complete arrangements could be made. 

Electric Engineering would naturally lind its headquarters in 
the University under the guidance of Sir William Thomson ; but 
here again the difficulty of want of accommodation comos in. I 
lately visited the Polytechnic in Daimstadt, and 1 found the 
space occupied by the Electric department (although it had only 
been recently organised) was sufficient to require a large building, 
and the subject is rapidly extending. Could it not be arranged 
that the students take part of their course in the Unixersity 
and complete it in a special Institute devoted to the more pmctical 
applications'/ 

The College of Science and Arts, of which the Principal is an 
Electric Engineer, might make this its chief subject. Very few of 
the secondary classes at present held would be rendered un- 
necessaiy by this arrangement, and they might all be continued 
(with, perhaps, the exception of Naval Architecture, which would 
naturally be transferred to the special Institute for that subject) 
till at least the Electric depailment was more fully developed, 
and then the students might learn their Mathematics, Physics, 
and Mechanics in some other convenient institution. The ap- 
plications of Electricity will in a short time be so extensive that 
not only will the profession of Electric Engineer become of great 
importance, but, in addition, all classes of Engineei's must study 
the subject to a certain exteiit, and I should anticipate that the 
special Institute devoted to it would in a short time become one 
of the most successful departments of the Technical College. 

The present teaching power in the University, in Anderson's 
College (including the "Young" Chair), and the College of Science 
and Arts is sufficient for the subjects of Chemistry and Metallurgy ; 
and all that is wanted is a better organisation by which the various 
parts of the subjects should be fully treated by the diffisrent Pro- 
fessors, so that the students might have opportunities not only of 
Vol. XV. o 
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studying principles and analysis, but also their applications to 
special industries. The students of Chemistry and Metallurgy 
should be strongly advised to attend classes in Building Con- 
stniction and in Mechanics, as without these they would often 
tind great difficulty in applying their chfinical or metallurgical 
knowledge. 

The teaching of mining has received great attention in other 
countries, but in the West of Scotland coal and ironstone mining 
is looked upon as such a comparatively simple business that I am 
afraid there is not much prospect of a great demand for instruction 
in the higher parts of the subjects for some time to come at lea.st, 
the present wants being generally capable of being supplied by 
evening classes in the mining districts. For those who wished 
s|)ecial higher instruction beyond that afforded by the present 
University classes, I think a lectureship in mining would bo 
sufficient. This could be instituted either in the Univereity, or 
in the Institute for Mechanical Engineering, where the students 
could also receive instruction in the machineiy used in mines, and 
in drawing. 

The Arts Faculty of Anderson^s College has never been very 
successful, not because the Professors were inefficient, but because 
their teaching was not i*ecognised by Universities, Faculties, or 
Presbyteries, as fommig ])art of any coui-se, and all that is 
wanted to ensure success is some such recognition, while its 
Professorship of Applied Mechanics could not only be utilised in 
continuing its present veiy successful work, but also in affording 
the necessary instruction in mechanics to the students of chemistry 
and metallurgy. 

My proposals thus utilise the teaching staffs and the buildings 
of existing institutions; but I hope the representatives of those 
institutions who may be present will not for a moment think 
that I have laid down any hard and fast scheme, in which they 
tind they havr not the position they have a right to ex|>ect. I 
only wish to show how a connected system might be airanged 
without at all insisting that it is the only one, or even the best 
[Kxssible. The only new buildings required are those for the 
Institute of Mechanical Engineering and Naval Architecture. 
Kelvingrove Museum has been suggested as a convenient position 
for this, as the students would have the benefit of the Museum 
and the University, and also be near the chief works. Would it 
be too much to expect the to^Ti authorities to provide buildings 
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for tliis department, and the engineers and shipbuilders of the 
Clyde the fittings and apparatus % I think the matter only re- 
quires to be placed before them to ensure a favourable response."^ 

The nature of the training wanted by those about to enter the 
Technical College, and the necessity of properly developing the 
institutions which are I'equired to give it, have br.en so fully ex- 
plaine<l by Messra. Sandeman and Dixon in the excellent pajier 
read before this Society last session, that it is unnecessary that I 
should enter into many details at present. 

The first object of education is to expand the minds and develop 
the reasoning powers of the pupils, and a skilful teacher can do 
this with almost any subject. While recognising the advisability 
of selecting studies which will be useful to the students in after 
life, I think that perhaps of late undue importance has l)cen 
attached to that, at least in the early part of their coui*8e, as the 
mental discipline they receive does not depend so much on the 
subject itself as on tlie manner of studying it. There ai-e no 
reasons why the High School and schools of the same type should 
not afford all the instruction necessary for students entering the 
Technical College, if arrangement were made for extending the 
instruction in some of the scientific subjects, and not requiring all 
their scholars to devote so much of their time to literary studies. 
Such schools ought not only to have laboratories for chemistry and 
physics, and teacliing collections of apparatus and specimens, but 
also workshops in which all the more advanced pui)ils, without 
distinction of object of after studies, might have oppoi*tunitie^ of 



* Since the above was written it has been announced that Mrs. Elder 
has presented a large sum of money to the University of Glasgow for the 
endowment of a professorship of naval architecture. This noble example 
should stimulate others to assist in making a really eilicient institute of 
mechanical engineering and naval architecture of the kind I have indicated, 
for there is not sufficient accommodation in the University fur developing 
the subjects in the manner their importance demands. 

Events are moving rapidly. I see from this morning's newspapers that 
the Council of the Institution of Engineers and Shipbuilders has resolved to 
endow the present lectureship on marine engineering and naval architecture 
in addition to the ** John Elder*' professorship. As I have pointed out, 
there is room for more than one teacher, but I hope, whatever is decided 
with regard to these matters, that arrangements will be made for fully 
utilising the endowments by having something like systematic courses, 
leading up to each other, instead of similar competing courses, which are 
certainly not required in this special department. 
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acquiring a certain aptitude in the use of tools which would stand 
in good stead whatever, positions they might afterwards occupy. 
This is not to be looked upon as attempting to teach a trade. 
Such work may be made a branch of liberal education as much as 
any other subject, for by it the pupils would have opportunities of 
applying their geometry, of practi.sing their drawing, and generally 
of adapting meaus to special ends. 

Those who intend to enter the Technical College would find it 
advisable to contuiue their general education in pure science 
and literature till they are 1 6 years of age ; but to those who have 
no time or inclination for this, such institutions as Allan Glen's 
(which may be considered a secondaiy school with a technical 
division) afford a useful introduction to the subjects required in the 
chief uidustrie^i, and everything should bo done to extend and 
organise schools of this class as the demands of the public increase. 

The College of Science and Arts is also doing excellent work of 
the same sort; but if my suggestion of making this College the 
institute for electric engineering be adopted, and arrangements 
made for supplying it with laboratories and apparatus as its increas- 
ing importance demands, it would soon be found advisable to 
devote a great part of the energy of the staff to the training of 
electric engineers, and to the teaching of the applications of elec- 
tricity to others who require to know them. While, however, 
making this its chief object, as I have already remarked, it might 
continue to afford secondary instruction, in other technical subjects 
for which there would be a great demand, such as, for instance, the 
elements of construction both of buildings and machines, and of 
applied chemistry, a knowledge of which is really required now-a- 
days as a part of the ^6 /te/'a^ education of all classes of men, what- 
ever profession or trade they may adopt. 

It has been said that it is absurd and wasteful to have several 
institutions close to each other, all giving very nearly the same 
kind of instruction. I have no doubt that if these woi-o all under 
the same management, the teaching power might be more efficiently 
employed in certain respects, but the fact that some subjects are 
common to all those institutions does not in itself prove that there 
is any loss of efficiency. Writing and arithmetic are taught in all 
the Boaixl and secondary schools, because every scholar ought to 
be acquainted with them ) so in a similar manner drawing and 
mechanics should form the foundation of all industrial training. 
These are almost the only subjects which are at present taught in 
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more institutions than one, and in the most of cases the class- 
rooms are overcrowded, and if a proper system were organised the 
numbers would in a very short time l>e greatly increased. It is 
neither desirable nor practiaible that such numbers should meet in 
the same building and under the same teacher. 

The diplomas awarded to the students of the day classes of the 
secondary technical schools, as well as those of the higher evening 
classes, which I will mention further on, should be recognised by 
the Technical College as repi-esenting the equivalent of ^mrt of the 
higher course, and thus exempt those who possess them from 
attendance at its junior classes. It would occupy too much of your 
time to sketch courses of study for these classes, but as it would 
be advisable to take advantage of the pecuniary assistance given 
by the Science and Art Department, and the City and Guilds of 
London Institute, it would be necessary to select the subjects in 
great pai*t from their programmes. That, however, is a matter 
which can be easily done when the general lines of procedure have 
been decided. 

As a rule, those who begin work as apprentice mechanics or 
tradesmen will have received their education in th«i ordinary Board 
schools, and there is not very much prospect of the nature of tliat 
being materially altered for a considerable numl>er of years to come. 
The average age of those who leave such schools is not more than 
12 or 13 years, and although it is not advisable to attempt too 
special a training before that age, what I have said about the 
higher education applies with special force here — namely, that 
means should be taken to make the education real, by allowing the 
pupils to study things themselves when that is possible, instead of 
merely giving them information about things. The practice of 
drawing ought to be encoui-aged, not by copying from badly ar- 
ranged sheets, but by making it a real educative as well as useful 
exercise. The ability to draw is almost of as much importance to 
a workman as the ability to write, and th(i study of drawing 
should receive a proportionate* attention in the elementary schools. 
The great mistake that is made in teaching drawing is looking 
upon it too much iis a branch by itself instead of making it the 
graphic expression of other branches. All the geometry required 
by ordinary workmen might be taught without the use of a text- 
book, simply by means of a few models and blackboard diagrams, 
a pair of compasses, and a straight edge, and set square. The 
drawing of sketch maps should be one of the chief moans used in 
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testing their knowledge of geography. Problems in arithmetic, 
algebra, and physics, are often capable of graphic illustration, while 
the furniture of the school-room, and the school itself, could afford 
examples for practice in the drawings used in ordinary construc- 
tion. A small workshop, in which the older pupils could spend a 
few hours a week, would give them opportunities for applying and 
illustrating what they had been taught in the class-room. I need 
not enlarge on this part of the subject, as properly trained teachers 
could easily suggest many applications of drawing, but I am 
afraid the greatest difficulty would be experienced at first in find- 
ing such teachers. This has been the case in France, where they 
are now attempting to carry out such a method as I have suggested, 
and a special Normal School has been provided in Paris for 
supplementing the ordinary training given to the elementary 
teachei's, and also for training teachers of special subjects. 

My remarks about the teacliing of drawing in such schools, and 
also in those of a higher grade, are not to be interpreted as meaning 
that special art teachers ai*e not required in some cases, but simply 
that teachers in every department should be qualified to show 
their pupils how a great many parts of their work might be illus- 
ti-ated graphically. 

No doubt it will be said that even although the teachers of 
Scotland were both able and willing to give the kind of instruction 
I have mentioned, the requirements of codes and examinations 
would prevent them from attempting it, and according to present 
regulations this is time; but surely there is no finality even about 
revised codes, and these must yield as public opinion on the subject 
improves, and a system which seems to be arranged not so much 
for the advancement of the pupils as that the teachei's may obtain 
a payment for the biilliant feat of enabling them to pass examin- 
ations must be considerably modified. 

The pupils, after leaving the Board schools for the workshop 
or manufactory, should be encouraged to attend, fii*st the evening 
classes for general subjects, which are now so common, and then 
those for technical subjects which may bo instituted, or already 
exist in vaiious pai-ts of the city, and those who have completed 
a regular course should receive a diploma, while the most distin- 
guished would afterwards attend the higher classes of the Technical 
College. For these, bursaiies of say £20 to £25 a year should be 
provided, the object being to assist those who had proved that they 
were both able and willing to assist themselves. Those who were 
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neither able nor willing to do this had better l)e l(>ft alone as 
workmen, for good workmen are to be preferred to a cla»8 of men 
who are too proud to soil their fingers, and yet are not qimliiied to 
undertake any higher work. On the otlicr hand, it would be 
found that generally the men who had passed through the work- 
shop and evening classes to the Technical College were the best 
in the College, as they would have more experience, self-reliance, 
and determination than the younger and richer students over whom 
they would soon doubtless exercise considerable influence. Lord 
Reay, in a speech which he delivered some time ago, remarked 
that when he was at school he owed more to those friends of his 
who were brought up to earn their livtUihood, on account of their 
earnest method of work, than to his tcachei-s, and I have no doubt 
some of the students of tlic Technical College will have a similar 
experience. 

The question of evening classes for working boys has been very 
much discussed of late, and while recognising the advisability of 
keeping them at a day school till they are jihysically able to 
undertake light work, aud have received the averagt? education of 
their class, I think that thcit^ is a danger of keeping them sufficiently 
long (at least with the present system of teaching) to give them a 
distaste for work, and make them willing to stam-e on the pittance 
usually paid to clerks, rather than fit themselves to earn the wages 
of skilled workmen. 

I read somewhere a shoi*t time ago that an employer of labour 
advertised on the same day for a skilled workman for a situation 
where he might earn £4 per week, and for a clerk at £80 a year, 
and for the latter post he received sixty times as many applications 
as for the former, and I have no doubt some in this i*oom have had 
similar experiences. In Germany and France I recently heard com- 
plaints from employers on the same point — they could find plenty 
of men for the positions of clerks, but good workmen were daily 
becoming scarcer. I think a great deal of unnecessary com- 
passion is spent on those who are expected to attend evening 
classes after a fair day's work, as to the earnest student it is no 
hardship, but rather a pleasure; in fact, a day in the workshop is a 
better preparation for an evening class than a shorter day in the 
drawing ofiice or counting house, a conclusion which I have arrived 
at from personal ex}>erience and from that of fellow-students. I 
supix)se apprentices have not changed very much since I was one, 
for then I observed that the gi'eat majoiity spent their evenings in 
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ways which were much more injurious to both mind and body than 
if they had attended evening classes. It must be remembered that 
the great majority of working boys will become working men, and 
remain working men; and our efforts should be directed in such a 
way as not only to enable the ambitious to escape from this position, 
but what is of much greater importance, to improve and ennoble the 
workman's life, that the whole class may rise in comfort and security, 
and still more in intellectual and moral attainments. 

A considerable amount of literature has lately appeared both 
here and on the Continent, treating of that part of a workman's 
education which fits him to perform the actual manual operations 
of his trade. I have carefully studied this, and have also observed 
what is being done on the Continent, but will only take time to 
give the results of my observations, as details would fill a 
lengthened paper. In France, Apprenticeship Schools have become 
very popular; but whatever arguments may be brought forward in 
their favour, and it must be confessed that some are very strong, 
I do not think it necessary to discuss them here, as I feel that such 
schools are not yet within the range of practical politics in Britain. 
Apart altogether from the capital expended in fitting out one of the 
best known of these schools, that at La Villette, Paris, the annual 
cost of instruction of each apprentice is about £11, all of which is 
paid by the town. Suppose such a school were proposed for 
Glasgow, is there any prospect of the citizens agreeing to pay for 
its ei*ection, fittings, and annual expenditure ? I think not the 
slightest, for they would probably say they were being taxed for the 
benefit of the employers of labour, which, however, would scarcely 
be true, as the apprentices would be under no obligation to work 
in Glasgow after leaving the school, and even if they did, the force 
of competition would prevent the employers of labour being 
specially benefited by the arrangement. 

The only system which has any chance of success in this country 
is a modification of the old form of apprenticeship, combined with 
education in such schools as I have mentioned for the different 
classes of apprenticea If they had acquired a certain facility in 
using ordinary tools before entering the workshops, and if they 
continued their studies in the evenings during their apprenticeship, 
there are no reasons why at the end of it they should not be good 
workmen. Although wo cannot expect employers to start schools 
in their workshops, still a little encouragement on their part would 
go a long way towards removing all discussion about the training 
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oi apprentices. If the foremen and leading men were told to pay 
a little more attention to them, to give them an occasional word 
of advice, and to distribute a few tickets of admission to the even- 
ing classes to the most industrious, and, lastly, if no lines of 
apprenticeship were given till the young men pixxiuced evidence of 
being able to draw fairly well, and knowing a little mathematics, 
and the simplest parts of the theory of their work, we would very 
soon hear the last about inferior workmeiL The payment of wages 
is not a full equivalent return for service, for, as Carlyle said — 
" Cash never yet paid one man fully his deserts to another ; nor 
could it, nor can it, now or henceforth, to the end of the world;" 
and everything should be done to cultivate mutual respect between 
employers and workmen, and a loyal interest in each other's pro- 
sperity. 

Although I have insisted on the necessity for making arrange- 
ments for the higher technical education, and for proper secondary 
schools to prepare students for it, there can be no doubt that, for 
some time to come at least, the greater part of technical instruc- 
tion will be given in the evenings to. those who are engaged in 
work during the day, and this fact must be clearly kept in mind 
in arranging any system. The teachers of the higher subjects 
might have some of their lectures late in the afternoons, and also 
have a few classes in the evenings; but too much evening work 
must not be expected from them, because a teacher who does his 
duty during the day requires his evenings for study. The work 
of such classes should be carried on under their superintendence, 
but the teaching ought, to be done in great part by properly quali- 
fied assistants who were not fully occuined during the day. Then, 
again, those assistants should not be expected to teach many dif- 
ferent subjects, as you sometimes see attempted at present. They 
might take the same subject two nights a week in schools in 
different localities. For instance, there are no reasons why ele- 
mentary evening schools in mechanical engineering and naval 
ai*chitecture should not be conducted in the west-end of Glasgow 
(.say in Kelvingrove Museum) and in Govan by the same staff, 
simply by having different subjects on different nights. Similar 
arrangements might be made for the other departments in the 
northern, southern, and eastern districts, while the evening classes 
of Anderson's College, the College of Science and Arts, and Allan 
Glen's Institution would supply what was wanted within a radius 
of two miles from those institutions. It would be possible for the 



42 Philosophical Society of Glasgow. 

teachers who teach in more schools than one to carrv about with 
them, or cause to be carried, some of their diagrams, and perhaps 
a few special apparatus ; but this could not be done to any gi-eat 
extent, as I do not require to tell those who have had any experi- 
ence of the matter. Nor is it necessary, for in elementary classes, 
such as are wanted by ordinary tradesmen, a great deal can be 
done with small teaching collections of models and specimens, and 
the students of the secondary and higher classes could attend the 
institutions I have named above. 

The whole programme of the City and Guilds of London Insti- 
tute might be fully represented in Glasgow, not necessarily by 
special schools, but by classes in schools, which also afforded the 
students opportunitiea for instruction in general subjects. We 
have one special or trade School in Glasgow, the Weaving School, 
which has been very successful so far as its means would admit. 
Establishments of this type are of the utmost importance to the 
industries they represent, and are not to be looked upon as 
apprenticeship schools, for they cannot supply the need of actual 
experience in the manufactory, but only afford instruction which 
enables the pupils to take advantage of what is to be learned 
there. They ought, however, not to be so isolated as the Weaving 
School is at present, but should be connected with institutions 
which give instruction in drawing and designing, the elements of 
mechanics, and some branches of geneml culture. No doubt the 
students of the Weaving School, and schools of the same kind 
w^hich may be organised, can obtain such instruction by attending 
classes in other parts of the city, but the subjects necessary for the 
different trades should be arranged in convenient gi-oups, so as to 
save as much time to the students as possible. 

In the scheme which is inaugurated, arrangements should be 
made for comiecting schools in the West of Scotland generally with 
the Technical College, and these schools would send up their best 
pupils to undergo a higher coui'se of ti-aining. For instance, in 
Dumbarton there ought to be a sq^iool for mechanical engineering 
and shipbuilding, and a similar one in Greenock; the Coatbridge 
and Wishaw districts ought to have schools for miners and 
metallurgists; while in various parts of the country there should 
be schools for bleaching, dyeing, and calico printing, and the 
different bi*anches of the textile and art industries. In connection 
with the latter the Haldane Academy and School of Art has been 
doing excellent work of late, and local branches (similar to the one 



Mr. Henry Dyer on Technical Education. i:i 

in Bridgeton) ought to be established where they are likelj to be 
successful. I would remark, however, that it would bo advisable 
to leave the various branches of engiiieering drawing to those 
institutions which give instruction in the princij^les required in 
working designs, as engineering drawing taught simply as a Fine 
Art is not likely to lead to much good. 

No system can }ye considered complete which does not include 
instruction in agi'iculture. It was remarked by some one, when 
the Agricultural Holdings Act was passed, that for tlie first time in 
history Parliament had anticipated what science had to teach us. 
In America, where land is abundant, Agricultunil Schools and 
Colleges have made rapid i>rogress; but in Scotland, where it is 
scarce, there is not a single institution of this kind, and yet our 
farmers wonder why their business has not paid well for some yeai-s 
past. I need not, however, enter further into details at present, as 
any system, to be successful, must be built up bit by bit, hh the 
demands for the newer education increase, and an elal>orate scheme 
drawn out now would bo of little value. What is wanted is that the 
general lines of j)rocedure be clearly marked, and that a few men 
imbued with a real missionary spirit be enlisted to oi-ganise and 
assist in tlie superintendence of the work in any locality whore it 
was likely to be wanted. 

At present Glasgow University has three chief grades of 
examinations, the tirst for degrees for those students who have 
attended its classes, or those of teach(jrs recognised by it, and the 
second and third for the senior and junior certificates for pupils of 
secondary schools which are not connected with the University, 
and a similar system is required for industrial subjects. The Tech- 
nical Institute, assisted by representatives of the various branches 
of the engineering profession, and of the chief trades, should award 
diplomas of throe classes, the first, to those who complete the course 
at the Technical College, would represent the professional class; 
the second, to those who complete the secondary technical and the 
evening classes, who would generally be; draughtsmen and foremen ; 
and the thii-d, to those who took the junior and the special ti'ade 
evening classes, who would generally be workmen. The exaniin 
ations for these diplomas should not be competitive, that is to say, 
there should be no attempt to place the students in the different 
classes in the order of merit, the standard being fixed to represent 
the minimum which should be requii'ed of the various grades of 
the ditterent subjects. We have quite enough of competitive; 
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examinations at present, and nothing should be done to increase 
the number; those who wish special honours have sufficient oppor- 
tunities for distinguishing themselves. When candidates present 
themselves for their diplomas, advantage should be taken of any 
other examinations they may have passed — those, for example, of 
any University, the Science and Art Department, and the City 
and Guilds of London Institute — to i^elieve them from further 
examination in the same subjects. 

The authorities of the Technical Institute should keep a register 
of all the classes which have been recognised as giving instruction, 
suitable for the different grades of students as higher, secondary, 
and elementary ; and they should exercise the same authority that 
the School Board does in the matter of fees, that is, they should 
fix their amounts for the different grades. Let these be arranged 
at rates which would bring fair incomes to the teachers, and which 
are not likely to press too liea\dly on the students, as it is demo- 
ralising to all concerned to have something like a Dutch auction 
going on to tempt students to the classes. The subjects should be 
arranged in groups to suit the diplomas I have mentioned, and 
students should have the liberty of selecting their teachers for any 
part of the programme, and not be compelled to take all their 
classes in the same school This would have the effect of placing 
the teachers on their own merits, by making their success depend 
on their ability to teach, and would also prevent the different 
institutions wasting their energy by attempting to make themselves 
quite self-contained. 

Such is an outline of the system I propose, and what is necessar}' 
to make it successful? Of course, a cert-ain amount of money is 
wanted, but the chief thing is to get the employei"s of labour and 
the workmen aroused to the necessity for imi)roved instruction. 
If no apprenticeship lines were given to workmen who were not 
able to produce third class diplomas, if draughtsmen and foremen 
were expected to iK)ssess diplomas of the second class ; and if the 
representative institutions of the professional parts of engineering 
required iVom the candidates for their membership diplomas of 
the first-class (except in those cases in which gi'eat ability had 
been shown in some other way), then we would soon find the 
various schools and colleges crowded with students. I quite 
recognise the difficulty of making such a system obligatory as a 
condition of employment, but in a few years it might be in full 
operation simply as a result of enlightened opinions on the subject 
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I suppose if I were suggesting that it should be made obligatory, 
either by the einployera or the employed, I would bo accused of 
wishing to infringe freedom of contract, and of violating the 
principles of political economy. I think, however, recent events 
have shoMni us that the abstract principles of political economy 
ore not the sole guides to be followed in practical legislatioiL 

The' Ecole Centrale des Arts et Manufactures in Paris is a 
wondrous example of what can be done when people are in earnest 
about education. It has all along been ii self-supporting institu- 
tion, and not only that, but it has saved sufficient money out of 
its revenue to pay a large pai-t of the cost of the magnificent new 
biuldings which are now being i»ut up for it. At i)rt.'.scnt it has 
about 600 students, and more than 100 applications from ]>roper]y- 
qualified candidates for admission are declined every year, simply 
from want of accommodation, and there are now in France; 3,400 
of its graduates in charge of engineering works of all kinds. This 
is independent of those who have studied at the Government 
institutions such as the Ecole des Mines, the Ecole des Fonts et 
Chausees, and others. M. Cauvet, the director of the Ecole 
Centrale, has published a pamphlet giving its history and many 
intei*esting pai-ticulai'S, and I have no doubt he would be glad 
to send copies to members of this Society who would like to 
study it. 

Are there any reasoiLs why the Teclmical Institute of Glasgow 
should not be as successful as the Ecole Centrale of Paris ^ If 
properly organised and managed, it ought to be much more so, 
for there is no place in the world where such op|K>rtunities for 
practical work are to be found as in Glasgow. But every reason- 
able scheme of reform tries to develop and repair, to build upon 
old lines when i)ossible, and not to stai-tle by wanton novelty of 
arrangement or structure. I have tried to show that what is 
required for technical education in Glasgow may, in great part, be 
obtained by an improved organisation and an extension of existing 
institutions, without much expenditure for buildinga The 
Technical Institute of Glasgow (or, as I would prefer to see it 
named, of the West of Scotland) should be a corporation, which, 
taking advantage of existing institutions, in so far as they served 
its special purposes, supplemented what was awanting in them, so 
that together they might affoixl the instructions necessary for the 
different industries, and by the standaixl maintained in its higher 
departments indirectly controlled the teaching in the secondary 
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schools, which aided both pecuniarily aiid by sending them pro- 
perly-qualiiied teachers, such schools as afforded instruction chiefly 
to the working classes in the principles which they applied in their 
every-day work ; all the various kinds of institutions, forming not 
a heterogeneous lot of separate atoms, but a well-ordered system 
by which the educational wants of every section of the industrial 
community might be properly supplied. 

In order to concentrate the discussion, I will sum up my 
proposals in the following recommendations: — 

1. That a Technical Institute be founded wliich shall super- 
intend all industi'ial education in Glasgow, and form a centi*e for 
that of the West of Scotland. 

2. That it include representatives of institutions of every grade of 
education — from the University to the primary school — so that a 
connected system maybe arranged whereby students who distinguish 
themselves in the lower grades may have opportunities of proceeding 
to the higher. 

3. That it take advantage of existing institutions which at 
present give tochnical education, supplementing them when they 
are deficient, and aiTangiug their coui*ses so that there may be no 
waste of teaching power. 

4. That the higher or professional parts of industrial education 
be given either in the University or in Institutes which have been 
recognised as giving instruction leading to its degrees. 

o. That the cunicida of the Secondary Schools be modified so 
that they afford more thorough instruction in physical science, and 
thus prepare students who intend to study the higher i)ai-ts of the 
subjects. 

6. Tliat Secondaiy Technical Schools be founded which will 
afford an introduction to technical training, to those who have not 
time for the liigher courses. 

7. That corresponding Secondary Technical Instruction be given 
in evening classes to draughtsmen, foremen, and the higher class 
of workmen. 

8. That Elementary Technical Instruction l>e given in evening 
classes to workmen. 

9. That for the most part the practical training for the different 
trades be given in the workshops or manufactories. 

10. That for certain trades which admit of it (such as Weaving, 
Dyeing, «S:c.), this practical training be supplemented by instruc- 
tion in special schools or classes. 
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11. That three grades of Diplomas or Certificates l»e awanled 
by the Technical Institute — the first for those who aim at hvw^ 
managei's or directors, the second for ilrau«;htHm(Mi and fonMiuui. 
and tlie third for workmeiL 

12. While recognising^ the actual workshops or manufactories 
as the chief places for pmcticul tmniing, that the instruction in 
the schools of the various grades Ix^ made thorough hy the institu- 
tion of laboratories, museums, and small workshops, which will 
give the students opportunities of making themselves acquuinteil 
with things themselves, instead uf simply list^Miing to h^cturi's 
about things. 
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III. — Discussion on Mr. Dyer's Paper, By E. M. Dixon, B.Sc, 

Principal of Allan Glen's Schools. 



[Read before the Society, 5th December, 1883.] 



The summary given by Mr. Dyer at the end of his paper of the 
recommendations it contains will, no doubt, assist us very much 
in discussing it ; and, as an opening of the discussion, I now wish 
to run rapidly over the leading points in these recommendations, 
and to indicate briefly my views regarding them. 

The first three recommendations in the summary referred to arc 
taken up with the constitution and functions of what he calls a 
Technical Institute for Glasgow and the West of Scotland generally. 
This Institute is to ** include representatives of Institutions of 
every grade of education — from the university to the primary 
school — so that a connected system may bo aiTanged whereby 
students who distinguish themselves in the lower grades may have 
opportunities of proceeding to the higher." As to its functions, it 
is to " superintend all industrial education in Glasgow," by taking 
" advantage of existing institutions which at present give technical 
education, supplementing them when they are deficient, and 
arranging their courses so that there may be no wast<3 of teaching 
power." 

As sketched out by Mr Dyer, this Institute is practically to bo 
an amalgamation of the University, the School Board, and tlie 
various trustees of all the educational endowments in Glasgow; 
and the business of this body is to see that adequate provision be 
made for instruction in technical subjects in the University and 
in all the educational institutions and schools of Glasgow. 

I am somewhat at a loss to know whether Mr. Dyer makes this 
projwsal as one that should be adopted now and at once, or as one 
that should be kept in view for adoption when financial and other 
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oiicumstances become favourable. If ho means that what the 
friends of technical education in Glasgow should set about at once 
is to have a Board such as he indicates constituted and armed with 
the necessary authority to do the work he has assigned it, then T 
must express my disbelief in the practicability of his suggestion. 
On the other hand, however, if lie means that he is prepared to 
wait for the development of such a Board out of the educational 
bodies that at present exist largely in a state of divided effort, and 
that he wishes now merely to put upon record, as it were, the end 
to be aimed at, then I can express approval of his suggestion, so 
&r, at least, as regards the general idea of having the Board consti- 
tuted so as to ensure co-ordiiuition and gradation of technical 
teaching. 

For the present, as it seems to me, all that can bo done is to 
render as efficient as possible the existing institutions in Glasgow, 
in which technical instruction is given. Tlie amount of money 
available at present for the furthei'ance of such teaching does not 
allow, in my opinion, of more than that being done. Besides, even 
if there were no financial difficulties in the wav, I believe that 
technical teaching is as yet so new a subject, that it would be 
unwise to commit ourselves at present to large and expensive 
schemes. It is also desii*able that the growth of institutions for 
technical teaching should be in reasonable proportion to the 
numbers of the pupils or students who wish to receive it, the supply 
being indeed always such a.s not merely to meet the demand, but 
to stimulate it moi*e or less, but at the same time not so much 
out of proportion as to involve seiious waste of teaching power 
and money. Our industries nnist after all be our guides with 
respect to technical education. The demand for technical instruc- 
tion of a kind that really meets the wants of those engaged in 
industry will, we may be sure, continually increase; but as a 
matter of practical management, it is right, while the direction in 
which the demand may declare itself is imperfectly known, to 
proceed tentatively, and in accordance with the demand. 

Following out these ideas for a moment into details, I would 
say that, for the present (1), a not very numerous Committee or 
Board should be formed out of the existing managers of Anderson's 
College, of the College of Science and Arts, of the Weaving and 
Dyeing School, and of Glen's Institution, representatives from the 
University and public bodies being added to the number, in accor- 
dance with the Scotch Endowments Act; (2) that this Board 
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should, as far as the means at its disposal permit, equip in every 
necessary way the four institutions now named for the efficient 
teaching of the technical branches at present chiefly in demand in 
Glasgow ; (3) in particular, that the number of pupils in the day 
classes of Glen's Institution, having now outgrown the accommo- 
dation, and the establishing of a well-graded system of evening 
classes in Glasgow requiring a good supply of lecture rooms, class 
rooms, laboratories, drawing rooms, and workshops in the city, 
the buildings of Glen's Institution should bo extended so as to 
utilize all the ground at present belonging to tlie Trust, whereby 
accommodation would be secured for 600 day pupils and about 700 
evening pupils ; (4) that, in accordance witli the fact that we have 
already in Glasgow a considemble demand for technical instruction 
in evening classes, the Board should organise a set of evening 
classes that would enable apprentices, and young men generally, 
not merely to receive efficient instruction in the elementaiy stages 
of a good many bi*anches of technical study, but should also enable 
them to caiTy out a properly graded course of study in the higher 
branches, to such an extent at least as would enable an ordinary 
student to make his own way afterwards, if he wished to become 
exceptionally well acquainted with some department of study; 
(5) that, in order to allow of the necessary arrangements for accom- 
modating so many evening classes, both in diiferent subjects, and 
in different stages of the same subjects, the Board should treat 
Anderson's College, the College of Science and Arts, and Glen's 
Institution as being each of them tantamount to so many class rooms 
in one and the same institution, and should arrange for a certain 
sum total of classes being conducted in them, so as best to meet 
the conveniences of the students ; (G) the Board should not shrink 
from establishing advanced as well as elementary classes on 
account of the fact that the advanced classes would be very far 
from being self-supporting, neither should it seek unduly to 
render the elementary classes se1f-sup|x>rting, by taking advantage 
of the larger numbers of students in the elementary stages, to the 
extent of crowding these classes beyond the limits of efficient 
teaching, but it should regard the endowments at its disposal as 
specially fulfilling their intended object when employed, as in this 
case they would be, to supplement the defective means of students 
who aspire to a sound knowledge of the principles of their trade 
or profession, but are unable to meet unaided the necessary 
expense ; (7) that the Board would do the greatest amount of 
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public good, that is, it would be ab1(^ to ostablish the greatest 
number of useful classes, if it took full advantage of the terms 
offered by the Science and Ai-t Department, and by the City and 
Guild's Institute of London ; and, assuming that this were done, 
I think it probable that, in two or three years Glasgow would 
have in its midst a valuable set of evening technical classes, 
largely, no doubt, of an elementary character, but yet many of 
them more or less advanced, and attended by from 2,000 to 3,000 
students in the aggregate. 

Coming back to the consideration of Mr. Dyer's recommendations, 
I have to express my entire concurrence with him in the opinion 
that the higher parts of technical instiiiction should continue to Iw 
given in the University or in institutions under its auspices. \ think 
it would 1m) a serious mistake to set up, on the one hand, any 
institution for the higher learning to act as a nval to the University; 
but, on the other hand, 1 think it would be an equally short-sighted 
policy on the part of the University to withhold its recognition 
from any institution that i)ossessed the necessary appliances for 
doing well what is really University work, and which had come 
into existence through the very fact that such work was not l)eing 
carried on by the University. \ think we have a clear case in 
point in the Chair and Laboratory for Technical Chemistry, founded 
by the late Dr. Young, of Kelly. This Chair un(]uestionably 
supplies one thing that is wanting to give even a motleratc degree 
of completeness to the moans of chemical teaching in the University 
of Glasgow. I do not need to tell members of this Society that, 
at the present day, one Cliemical Chair is preposterously inadequate 
to represent the now enormously extended field of chemical science ; 
and it would, in my opinion, show something like perception on 
the part of the University of the altered circumstances of the day 
if it sought to foster, as far as possible, such a chair by at least 
recognising its teaching as qualifying, so far as Chemistry is 
concerned, for its degrees in science. 

I am not sure that I can express unqualified agreement with 
Mr. Dyer regarding his proposed treatment of secondary schools. 
As I understand him, he would insist on all such schools being 
amply provided with the means of teaching physical science — under 
which term he would, I presume, include chemistry — and that he 
would introduce tKese subjects into the regular course of study for 
all the pupils who remained at school sufficiently long to reach the 
higher branches. His iden seems to me somewhat inconsistent 
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with the freedom of choice of subjects that should exist in 
secondary schools. In large cities, such as Glasgow, there should 
be, in my opinion, a few secondary schools of the type of the old 
Grammar School — ^that is, schools in which the study of language 
is the chief educational feature ; and there should also be a few 
secondary schools of the modem type — that is, schools in which 
the study of science forms the distinguishing feature. In small 
towns, where only one secondary school could exist, it would be 
necessary to arrange its classes so as to allow pupils to pursue, 
after a time, either a course of classical study or of scientific study. 
Schools of this kind I would, however, only introduce where the 
organising of separate schools of the types mentioned is impossible. 
I believe that division of labour is a good principle in school 
organisatioiu 

What Mr. Dyer calls secondary technical schools are, I imagine, 
not materially different from the schools I have referred to as 
secondary schools of the modem type. He instances Glen's Insti- 
tution as being one of several such schools that Glasgow will 
eventually have to be supplied with. He assigns to these schools 
the function of giving technical instruction to boys who have not 
time for the higher courses — that is, for lK)ys who will not after- 
wards proceed to the University. On the contrary, such schools 
as Glen's Institution are, in my opinion, the very schools in which 
lads will be best pre|)ared for the study of advanced technical 
subjects in the University, and I am disposed to put down such 
preparation as an important function of these schools. 

Mr. Dyer seems to propase in his seventh and eighth recom- 
mendations that two distinct sets of evening classes should be 
organised — the higher for " diuughtonen, foremen, and the higher 
class of workmen,'* and the lower for " workmen." I have already 
expressed my v-iews about evening classes, and need only say here 
that without making any distinction of persons, and without 
hampering myself with the working of two distinct sets of classes, 
I would simply organise, as I have already said, evening classes 
in various stages of each of the technical subjects at present chiefly 
in request, and having thus provided for the requirements of all, 
whether draughtsmen, foremen, higher workmen, or common 
workmen, I woidd finally give them the opiwrtunity of consulting 
as to their choice of classes, with a man exi)erienced in that kind 
of education, and then leave them to judge for themselves. 

With Mr. Dyer's 9th and 10th recommendations I entirely agree, 
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and I have, indeed, ou former occasions advocated the same beforc 
this Society. It seems to be now tolerably clear to all who take 
an interest in technical education, what, on the one hand, is the 
function of the school in the training of lads who are intended for 
industrial pursuits, and what, on the other hand, must )je left for 
them to acquire in the workshop. At imi we had a ix^action 
against the total neglect of technical ti-aining in schools, during 
which the advocates of the school exaggerated its capabilities, and 
proposed to do in it what can either only be done at ull^ or at 
least can be much better done, in the worktihop. But ideas have 
become clearer, and I do not believe that there is now much chuncc 
of our technical education su tiering from errors being made in 
this respect. The utility of workshops in connection with schools, 
when used for the pui-pose of developing manual skill ou the pai*t 
of the pupils, but not with the view of teaching them tmdes, is 
now very generally conceded, and it seems to me that such school 
workshops are destined to become very general within a few years. 
In schools such as Glen's Institution, a workshop is indispensable 
in connection with the teaching of subjects of an engineering 
nature. Without a certain amount of practical experience, it is 
impossible for a student to understand and appreciate fully mucli 
of the instruction he must receive in machine drawing and applied 
mechanics. It was, indeed, this idea more than any other that 
iirst led me to prepose to the ti*ustees of that school the intixnluc- 
tion of a workshop into our list of school appliances. The idea 
has been taken up by the managers of several schools in Ekigland 
and Scotland, and, I believe, I may aluiost say that a school work- 
shop is now one of the recognised class rooms of a school that is 
intended to prepare lads for entering upon their apprenticeship as 
engineers. 

One or two good workshops should be included in the appliances 
provided in connection with the system of evening classes I have 
sketched out. There are many young men, I am sure, who would 
take advantage of them during the winter months. Amongst 
others, many young men who have thoughts of emigrating to the 
colonies, and know that the ability to turn their hands, though 
only imperfectly, to any common mechanical job that otTered 
would be almost invaluable to them in colonial life, would be glad 
to avail themselves of the opportunity of learning the use of tools 
in the workshops I now propose to establish. I may say that a 
large workshop, capable of accommodating from 40 to 50 students 
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at one time, might be had, if the buildiugs of Glen'B Institution 
were extended as I have already suggested. 

As to the other recommendations made in Mr. Dyer's paper, 
I do not know that I have anything of importance to say, and I 
have only to state, in conclusion, my opinion that the Society has 
to thank Mr. Dyer very much for bringing before it a paper so 
full of good suggestions at the present time. 
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IV. — O71 Geoyrwphy and Ethnoloyy: What these embrace. An 
Opeuiug Address by W. (r. Blackie, Ph.D., F.R.G.S., Pi-cui- 
dent of the Geographical and Ethnological Section. 



[Kcad before the Society, 5th March, 1884. J 



In appearing before the Pliilosophical Society for the lirst time as 
President of the newly-formed Section of Geography and Ethnology 
my first duty is to thank the membei*s (wliich I now do very 
cordially) for the compliment paid me in electing me to so honourable 
a position, and also for electing the able committee at whose head 
it has been my good fortune to be placed. I can assure the 
meeting, with very gi-eat confidence, that our united efforts will be 
freely given to promote the objects th(j Society had in view in 
forming this Section, and I trust, as the i*esult of these efforts, 
that a number of interesting and useful papers may from time to 
time be placed at the disposal of the council. 

The foimation of a now Section is somewhat analogous to the 
annexation of a new territory. It opens up an additional field of 
inquiry which is cultivated by a special class of minds, whose 
contributions to the general stock of knowledge are fitted to widen 
the interest taken in scientific studies, and to impart a grateful 
variety to the Society's proceedings. 

Geography is usually defined as being '*a description of the 
earth," a definition which, though very comprehensive, does not 
include the whole area open to investigation, or convey a very 
precise idea of what is comprehended in the study which it purports 
to describe. Propei'ly understood. Geography includes the study, 
not only of the land which forms our dwelling-j)lace, the waters 
which furrow its sui-faco and lave its shores, and their inhabitants, 
animal and vegetable ; but also of the vast gaseous envelope in which 
the globe floats in space, and of the heavenly bodies among which 
it circles and of which it forms a unit, receiving and reflecting, in 
common with many other such bodies, the light and heat it derives 
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from the great central orb of tlie solar system. ' This wide subject 
of inquiry may be divided into two great branches, Physical 
Geography, or the Geography of nature, and Political Geography, 
or the Geography of Man, in discussing the details of each of 
which there is a great liability to ti*espass beyond the boundary 
line which separates tlie one from the other. Ethnology, which 
finds a place in the designation of our Section, forms in reality a 
subdivision of Geography, and in some of its aspects may l>e said 
to belong to the former great division and in others to the latter, 
but on the whole chiefly to the latter. 

While there is a general agreement respecting what constitutes 
Geography, yet when we come to examine the definitions of this 
subject given in the works of eminent writers, we find a want of 
concord in details, which would- cause great surprise w^ere not the 
area of study so vast, and the component parts so complicated and 
apt to interlace one with another. 

Let us direct our attention in the first place to Physical 
Geography, or the Geography of Nature, and endeavour to ascer- 
tain what its study really involves, as shown by the definitions 
given of it by some eminent writers. 

This great division of geographical study is of comparatively 
recent origin. Passing over earlier notices, wc may begin with 
the definition of the subject given by Humboldt in his Cosmos,* 
published in 1844, a work which gave great impetus to this study, 
if, indeed, it may not be said have been the first to bring it into 
genei-al notice, and to establish its principles upon a definite and 
firm basis. In his introduction, the author of Cosmos* says : — 
" Physical Geography depicts in broad outlines the even or 
irregular configui*ation of continents, the i*elations of superficial 
area, and the distribution of continental masses which exercise a 
powerful influence on the diversity of climate and the meteoro- 
logical modifications of the atmosphere ; this science defines the 
character of mountain chains, which, having been elevated at 
different epochs, constitute distinct systems, whether they run in 
parallel lines or intersect one another; determines the mean 
height of continents above the level of the sea, the position of the 
centre of gravity of their volume, and the relation of the highest 
summits of mountain chains to the mean elevation of their crests, 
or to their proximity with the sea shore. It depicts the eruptive 
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rocks as principles of luovemciit, acting ii|>oil the sedimentary 
rocks by traversing, uplifting, and inclining thcin at various angles ; 
it considers volcanoes cither as isolated or ranged in single or 
double series, and extending their sphere of action to various 
distances, either by raising long and nari*ow lin(;s of rocks, or by 
means of circles of commotion, which expand or diminish in 
diameter in the course of ages. This teri*estrial ]>ortion of the 
science of the Cosmos dcscribeii the strifes of the li(|uid element 
with the solid land ; it indicates the features i>ossesse<l in common 
by all great livei-s in the upper and lower portion of their course, 
and their mode of bifurcation when their basins an; enclosed, and 
shows us rivers breaking through the highest mountain chains, or 
following for a long time a com-se pamllel to them, cith(>r at their 
base or at a considerable distance, where the elevation of tluj 
strata of the mountain system and the direction of their inclination 
correspond to the contigintition of the table land. It is only the 
general results of comparative orography and hydrography that 
belong to the science whose true limits 1 am desirous of deter- 
mining, and not the Hpecial enumeration of the greatest elevations 
of our globe, of active volcanoes, of rivei"s, and the number of 
theii* tributaries ; these details falling mther within the domain of 
geography properly so called. We would hero only consider 
phenomena in their mutual connection, and in their i*elations to 
different zones of our i)lanet, and to its physical constitution 
generally. ..... The ultimate aim of 

Physical Greography is . .to recognise unity in the vast 

diversity of phenomena, and by the exercise of thought and the 
combination of observations, to discern the constancy of pheno- 
mena in the midst of apparent changes." 

Comprehensive and precise, as is this admirable definition, yet 
it does not comprise various subjects that are ranged by later 
writers under the genei-al title of Physical Geography, although it 
indicates quite a suthcient area for prolonged and careful and 
interesting study. 

One of the most interesting volumes on Physical Geography 
that has been published in this eountiy is that of our talented 
countrywoman, the late IVIrs. Somerville. As she does not, 
however, favour us with a definition of the subject on which she 
writes, its extent must be gathered from the topics on which she 
dilates. Within the compass of her attractive work, she takes up, 
in addition to the subjects indicateil by Humboldt, asti-onomy, 
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and meteorology, the geographical distribution of plants and 
animals, and the distribution, condition, and prospects of the 
human race ; this last section including to some extent both 
ethnology and anthropology. Though these two last named sub- 
jects are certainly not mentioned by name, yet in the last chapter 
of the work '• The Distribution of the Human Race " is treated in 
a niamier which virtually covers both. In takuig up in this 
chapter, progress of science, literature, the tine arts, music, i>oetry, 
«kc., which may in some asjK'cts be germane to anthro^wlogy, tlie 
gifted authoress has imquestionably trespassed beyond the widest 
reasonable limits that should be assigned to Physical Geography. 

My late erudite friend, William Desborough Cooley, published, 
in 187C, an admirable volume entitled ** Physical Geography; or, 
the Terraqueous Globe luid its Phenomena." His definition of the 
subject is contained in the preface to this volume, which begins 
thus : — " Many, i)erhaps, on looking at tliis volume will be dis- 
l)osed to ask, * What is Physical Geography ? ' To this question 
(which, under 'existing circumstances, is not inexcusable) I would 
reply that it is the depaii;ment of science which embraces the 
course of physics reigning on the eai-th^s surface, over land, sea and 
air, and of which — as it depends to some extent on the features of 
that surface — Geography is the function.*' This excellent and 
strictly scientific definition includes a wider range of subject than 
seems to be comprised in the definition by Hitmboldt which has 
been quoted, inasmuch as it includes astronomy and to some extent 
meteorology, both of which seem to be excluded from Physical 
Geography by the eminent German ; and it agrees with that 
definition in excluding the geogi*aphical distribution of plants 
and animals and ethnology, all of which find a place in Mrs. 
Somerville's system. 

In the two-fold division of the subject which we have adopted 
in the outset, it is obvious that under the fii^st, namely. Physical 
G^graphy, must be included Astronomical Geography ^ wliich treats 
of the position of the eartJi in the solar system, its form, move- 
ments, etc.; Mathematical Geography^ wliich teaches the scientific 
methods of ascertaining the exact form of the earth and of all 
lx)i'tions of its surface, and their precise position in longitude and 
latitude, cartography, etc.; the geographical distribution of plants 
and animals ; and Ethnology, so far as it relates to man merely as 
an organised being, in addition to the wide range of subjects 
specified in Huml>oldt's definition. 
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Dr. Arnold Guyot, an ciiiiiieut American writer on Gcogra])liy, 
and professor in Uie Col lego of New Jei'scy, aclupts u tri()artit<* 
division of the mibject. Thi» he ellcctH hy making AHtix>noniical 
and Mathematical Geogmphy a separate division. Othcrwiso his 
distribution of the subject iu very nmcli tlic same ius wr have 
adopted. Allow uie to quote a few sentences from this writer on 
Physical Geography which exhibit, in a very pleasing manner, thn 
interesting course of study the subject involv(*s :-- 

" Fkyaical Geography seeks by cai'eful compaiison to discover the 
laws which regulate the stioicture and distribution of the land 
masses and oceans. it shows how the relief of the continents 

« 

controls their di-ainage and shapes the vast river systems, so 
useful and so characteiistic of each of them ; how the very fonns of 
the lands, together with their size anil relative situation, modify the 
climate, the productions, and, thei*efore, the ca])acity of each country, 
for commerce and civilisations. It not only describes the great mai'ine 
currents which circulate iu the bosom of the ocean, but seeks to 
discover their causes, tnice theii* connection, and th(; vast inlluence 
they exert upon climate, either by heating or cooling tlie superin- 
cumbent atmosphere, it is not enough for it to find that the 
temperature is liighest in the equatorial regions of our globe, and 
gradually decreases towards the i>oles; it inquires into the ca.use 
of that fundamental law of the distribution of heat But while 
this geneiiil law is well established, why is it that mountains 
which rise from the burning tropical plains of the Amazon and 
Ganges are cap^Kxl with snow \ that in January snow obstructs 
the streets in New York City, while in the stuue latitude the 
orange flourishes under a genial sun and mild temiiemture in 
Naples, and flowers and pei'petual verdure grace the gardens in 
the islands of the Azores in the midst of the Atlantic \ That on 
the east of the American Continent Labrador is but a frozen Penin- 
sula, where no tree can grow, no agriculture is possible in the 
same latitude, where m Europe, on the other side of the Atlantic, 
the cities of Christiania, Stockholm, St. Petersburg, flourish in the 
midst of cultivated fields i 

'^ Looking at the distribution of rain water, that other element of 
climate indis()ensable for all that has life on earth, why is it that 
it is so unequal, varying from a complete or almost total absence 
in the deserts, to an amount which would cover the ground with 
a layer of fifty feet of water ? Why are the sunny regions of the 
tropics blessed with a quantity of rain water several times greater 
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than that which falls in our temperate regions, while the foggy 
regions toward the poles receive as many times less ? Why are 
the rains periodical in the warm regions, and more and more 
equally distributed throughout the year as we recede from them 
toward the poles 1 

" To answer all such questions, suggested at every step to the 
reflecting observer of nature's phenomena, Physical Geography 
has to find out the laws which govern the distribution of heat and 
of the rain. It has to study the course of the winds, which are 
the carriers of warm and cold air from one place to another, and 
of the rains from the common resei*voir of the continenta . It thus 
shows that upon all these elements, properly combined , and 
modified in their action by the forms, extent, and situation of the 
land masses and oceans, depend the distribution of life — vegetable 
and animal — on the surface of the globe, and the degree of useful- 
ness to man of each portion of his domain." 

Having thus dwelt, with some fulness, on the first great branch 
of our subject, let us turn to the second, namely, the " Geography 
of Man," or " Political Geography," which will not require to be 
treated at the same length as the former one, there being less 
diveraity of opinion respecting its limits. It may be divided, 
conveniently, into Political Geography proper, and Ethnology. 
Political Geography includes a description of the various states 
into which the world is divided as political wholes — their boun- 
daries, their i*esourees, animal, vegetable, and mineral, their 
natural harbours, towns, political divisions, means of defence (or 
military Geography), system of government, trade and commerce, 
population, (kc, iicc, and thus forms a wide area of study, filled 
with important and attractive subjects, of the highest interest to 
thoughtful minds. 

But an area of investigation no less wide, and no less interesting, 
is presented by Ethnology, which, according to a recent writer, ** is 
a branch of the wider science of Anthropology. It is sometimes 
used as synonymous with Ethwgraphy, but the latter, properly 
speaking, has a more limited scope, dealing mainly with the exter- 
nal features by which the vaiious races of men are distinguished, 
while Ethnology takes note, both of the physical characteristics 
of the races of man, and also of their intellectual and moral 
l>ec\iliarities, their manners and customs, and the jieculiar features 
of their languages, their i)olitical or social organisation, their 
origin, relationship, distribution, &c." 
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But, as a short definition such as this serves to convey to the 
mind a somewhat inadequate idea of the vast variety of subjects 
embraced within the proper province of Ethnology, a few particu- 
lars may be added, which may serve in some measure to fill up the 
canvas. Man, for example, is studied in those physical aspects which 
serve to mark the distinctions of race or tribe. Does the forehead 
recede like that of the Australian, or rise erect like that of the Cauca- 
sian ? Is the skull long like that of the Scandinavian, or bullet-shaped 
like that of the German ? Is the hair black like that of the Celt, 
or fair like that of the Saxon ? Are the eyes almond-shaped like 
those of the Chinese ? Are the soles of the feet fiat like those of 
the Russians ? Does he tatoo the body, pierce the septum of the 
nose, or enlarge the lobes of the ears? Such are some of the 
questions that engage the attention in reference to the physical 
conformation of man, and through the observation of which much 
may l>e learned of the position the individual or tribe holds in the 
great community of the human race. TJie relics of man in former 
ages come in for much attention, such as the stone wea^K^ns and 
implements used in prehistoric times, which may l>e compared 
with similar weapons in use at the present day among peoples of 
low civilisation, and those cromlechs, tolmens, stone circles, which 
we associate with the name of Druids, many of which are found 
in our own country, in France, India, and elsewhere. 

The remains of cranoges or lake-dwellings, found notably in 
Scotland, Ireland, and in Switzerland, may be compared with the 
existing dwellings of some of the Malay peoples of the Indian 
Archipelago, erected in like manner on platforms fixed on piles, 
projecting out into the water, on the margins of rivers and lagoons, 
and we may endeavour thereby to realise in some sort the state of 
civilisation and social comfort in which our ancestors lived in the 
primeval times, when such erections formed their oixUnary places 
of abode. 

The bee-liive dwellings in the Island of Lewis may be compared 
with similarly-shaped houses, built of snow, in the Arctic regions, 
and the dome-shaped wigwams of Southern Africa ; and we may 
endeavour to trace the steps by which, stalling from such simple 
structures, man could attain to the advanced condition in which 
he must have been when he hewed out of the living rock the 
magnificent Temples of Ellora in India, built the Pyramids of 
Eg3rpt, and the Palaces of Nineveh. In this manner we may 
proceed step by step to one branch of this fascinating study 
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after another — to language, which is often a more permanent 
characteristic than even physical conformation — to food, clothing, 
boats, social relations, religious beliefs, and religious ceremonies, 
all of which, one way or another, mark in a distinctive manner the 
place occupied in the human race by the people among which they 
prevail. 

I must now draw this address to a close. It has been extended 
much beyond the limits originally contemplated. However, I 
shall not regret this undesired extension, if thereby I have 
succeeded in conveying to the Society a general impression, 
however imperfect, of the wide field of study and observation, 
which lies before those who would worthilv cultivate the attrac- 
tive sciences of Ueogitiphy and Ethnology. 
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V. — On the vse of Litmus, Bosolic Acidy Jfetht/I Orange, Phen- 
acetolin, and Ph*'nolphthal**'in as Indicators. Part II. By 
liODERT T. Thomson. 



[Kcail iK'forc the Chemical Section, 10th Doceinbor, 1883.] 



The first 1)311; of this paper was conlinecl exclusively to the iiso of 
the»e indieators in the analysis of some of the more important 
compounds of potassium, sodium, and ammonium, and to the 
determination of free acids by hydrate of sodium. Since then T 
have devoted some attention to their behaviour with a few com- 
pounds of calcium, barium, and magnesium. In this portion of the 
subject I have been fowstalled to some extent by other chemists, 
who have published results which will be referred to as they 
present themselves for consideration in the following ])aper: — 

/. — Application of the indicators to the dt^terminaiion of lime 
f\ristinf/ as hydrate^ with a small proportion of carbonate. 

For each experiment 200 c.c. of lime water wore employed, and 
to this was added •026.') gi-am. of carbonate of sodium, whicli 
precipitated an equivalent proportion of carbonate of calcium. 
This was done in a cold solution. The total lime (CaO) present 
was '2724, and that existing as hydrate '014 gram. The estimation 
was accomplishe<l by half-normal hydrochloric acid, and from the 
result was deducted the number of c.c. required to neutralize the 
hydmte of sodium produced by the action of the carbonate of sodium 
added. 

Litmns. — When this indicator was employed the test acid was 
added in the cold (this being the course pursued in each case) until 
the colour became purple. The solution was then boiled, and the 
addition of acid continued until the blue colour gave place to red, 
the end-i'eaction being very distinct. 19*4 c.c. were consumed in 
one experiment and 19*5 in another, results which cloaely a^»<^. 
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with the total amount of lime present. It is needless to give the 
results more minutely at this stage, as they will be arranged in a 
short table at the end of this section along with those obtained with 
the other indicators. 

Roaolic Acid. — The remarks made concerning litmus apply with 
equal weight to rosolic acid, except in the matter of colour, the 
latter indicator changing from deep pink to yellow. 19*4 c.c. of 
the standard acid were required in each case. 

Methyl Orange, — With this indicator practically the whole of 
the lime was deteimined in the cold, no boiling being necessary, 
owing to the fact that the liberated carbonic acid has no effect on 
the colour. The results were precisely the same as those obtained 
with rosolic acid. 

Phenacetolin, — The value of phenacetolin for the purpose under 
examination has been accurately estimated by Prof. Lunge, and it 
is therefore only for completeness* sake that it ,ls here dealt with. 
The method Ls similar to that fully described in the first part of 
this paper for the estimation of hydrate in presence of a little 
carbonate of sodium. The hydrate of calcium is first determined 
by adding the standard acid until the scarcely perceptible yellow 
colour is transformed to a distinct permanent pink, and then the 
proportion of carbonate of calcium is obtained by further addition 
of acid until the pink gives place to a deep yellow colour. For the 
two tests 18*4 and 18*3 c.c. were required respectively to neutralize 
the hydrate, while an additional 1 •! c.c. was necessary to decompose 
the carbonate of calcium. 

It may not be out of place to remark here that my experience 
with phenacetolin leads mo to the conclusion that it requires more 
skill in manipulation, when used for the determination of hydrate 
of potiissium, sodium, or calcium, than is altogether desirable. The 
operator has not to deal with a sharp and unmistakable end-i'eaction, 
but is left to a certain extent in a state of indecision as to the 
exact point at which the pink colour, due to the action of the 
carbonate after neutralization of the hydrate, shows itself. With 
experience, however, I have no doubt that good and concordant 
results are obtainable. Of course these remarks do not apply to 
the determination of soda or lime in the state of carbonate. 

Phenolphtlialein, — As was to bo expected, this indicator, mider 
favourable circumstances, behaved in the same way as in the 
parallel determination of the respective proportions of hydrate and 
carbonate of sodium. The test acid was added as carefully as 
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possible, especially after nearly all the hydrate of calcium was 
neutralized, to prevent loss of carbonic acid; and when 18 '9 in 
one experiment, and 18*85 c.c. in another, had been added, the 
red colour which had been diminishing in intensity was entirely 
discharged. At the same time the carbonate of calcium had 
passed completely into solution, a faint turbidity which remained 
being no doubt due to the phenolphthalein. Tlie results sliow 
that the whole of the lime existing as hydrate, and half of that 
existing as carbonate, liad been estimated, thus proving tliat bicar- 
bonate of calcium is neutral to phenolphthalein, just as the 
bicarbonate of potassium and sodium ai"^. The solution was now 
boiled for a considerable time, but the red colour did not reappear, 
although normal carbonate of calcium was precipitated, the bicarbon- 
ate being decomposed, and carbonic acid expelled. On adding excess 
of acid, boiling, and titrating back with caustic alkali, the whole of 
the lime was obtained. To verify these results, and account for the 
apparently anomalous behaviour of carbonate of calcium towards 
phenolphthalein, •2gi'am. of the former compound, freshly precipitated 
from a cold solution (hydrate being absent), was treated with the half 
normal acid. After 4*1 c.c. had been added, all the carbonate of cal- 
cium was found to be dissolved, and the red colour had disappearetl. 
The result is equal to -1025 gram, of carbonate of calcium, or almost 
exactly half the quantity used, and this agrees with the results quoted 
above. On boiling, the calcium carbonate was precipitated as a 
hard crust on the beaker, but the colour did not return, and it 
now remains to incpiii-e why this is so. Another test showed that 
although carbonate of calcium, recently precipitated from a cold 
solution, gives an alkaline reaction with phenolphthalein ; if it is 
l)oiled, no colouration is produced. At the same time the carbonate 
of calcium is converted from a light flocculent condition into a 
dense granular form, and it seems that only in the former state 
can the indicator penetrate into it and develop the red colour. A 
portion of this dense form of the compound was collected, dried, 
and ground finely in the agate mortar; but even then only a faint 
red tint was produced, which disappeared on simple boiling, or on 
addition of a mere trace of acid. From these facts the conclusion 
may be safely drawn that hydmto can be determined in presence 
of carbonate of calcium by simply adding standard hydrochloric acid 
to a boiling solution till the red colour is gone. The lime existing as 
hydrate will thus be estimated, while that existing as carbonate 
will be left untouched. 
Vol. XV. v. 
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To apply this process, a sample of slaked lime which had become 
carbonated to a considerable extent, and in which the total lime 
and carbonic acid were estimated in the ordinary way, was treated 
as above described. To 1 gram, of the sample a quantity of boiling 
water was added, the mixture boiled for a few seconds and then 
titrated with half-normal acid, all the hydrate of calcium being 
brought into solution by agitating weU after each addition. In 
two experiments, 40*4 and 40*5 c.c. were consumed respectively, 
which give as an average '5663 gram, of lime (OaO) existing as 
hydrate, while the amount obtained by estimating the total lime 
by the ordinary gravimetric method, and subtracting that existing 
as carbonate, was '5660 gram. The carbonate of calcium was then 
determined by adding excess of standard acid, boiling, and titrat- 
ing back with caustic soda. For this part of the process, S'l and 
8 '15 CO. respectively of the half-normal acid were consumed, 
giving as an average '1137 gram, of lime existing as carbonate of 
calcium, while that calculated from the carbonic acid estimation 
was '1130 gram. Taking into consideration these results, and also 
those quoted above, it is not too much to say that the complete 
neutrality of carbonate of calcium to phenolphthalein under the 
cii'cumstances described may be depended upon without the least 
hesitation. 

TABLE 1. 

Showing results obtained by each indicator when used in the determiuatiou 
of lime as hydrate with a small proportion of carbonate of calcium. 



Lime, existing as hydrate, employed, 
Do., do. carbonate, do., 
Total lime employed, 



'2584 
0140 
•2724 



Name of Indicator. 


Gram, of total 
CaO found. 


Gram, of CaO as 
hydrate found. 


Gram, of CaO aa 
carbonate found. 


Litmus, . 


'2716 


•2730 


• • • 


! 


Rosolic acid, . 


•2716 


•2716 


« • • 


... 


Methyl orange, 


•2716 


•2716 


t • • 


• • • 


Phenacetolin, 


•2730 


•2716 


•2562 2576 


•0154 0154 


Phenolphthalein, . 


•2716 

1 


•2716 


•2690 -2576 


•0140 -0154 
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TABi.E IL 

Showing proportions of lime, existing as hydrate'and carbonate respectively, 
in a sample of slaked lime (1) by alkalimetric method, using phenol- 
phthalein as indicator, and (2) by the ordinary gravimetric method for 
determination of lime and carbonic acid. 



Br Alkalixet&ic Metuod. 



Br GSAVIMETRIC DfiTfiUUKATIOM OF 
LiXB AND CABBONIC ACID. 



Gi-ara. of CaO as 
hydrate found. 



•5066 
•5670 



Gram, of CaO as 
carbonate foand. 



Gram, of CaO as 
bydirete found. 



•1134 
•1141 




Gram, of CaO as 
carbonate found. 



•1130 
1128 



//. — Determination of Hnie eodsting as carbonate. 

As the principal points in connection with this portion of the 
subject have already been alluded to, it will only be necessary to 
make one or two supplementary remarks. Litmus, rosolic acid, 
phenacetolin, and methyl orange can all be used with advantage 
for this estimation, especially when the carbonate of calcium is in 
the light flocculeiit condition. The first three of these indicators 
are not by any means so delicate when that compound is in a more 
dense form. The behaviour of phenolphthalein has been alre^y 
fully discussed. 



///. — Determinatioth ofhydrale and carbonate of barium. 



All that has been noted with regard to litmua, rosolic acid, and 
methyl orange for the determination of lime applies with equal 
force to that of baryta. 

Ffienacetolin can be employed for the estimation of the respective 
proportions of baryta existing as hydrate and carbonate. 

FhenolphthaleHn acts in the same way as it does with the calcium 
compounds, and may be used to find the quantity of hydrate of 
barium in presence of the carbonate, the latter remaining neutral. 
It is noteworthy, however, that carbonate of barium, even when 
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freshly precipitated from a cold solution, does not develop a red 
colour with phenolphthalem but i*emains neutral. If a little colour 
is produced it is permanently dispelled by a mere trace of acid or 
by simple boiling. 



IV. — Determination of hydrate and carbonate of magnesium. 

The total magnesia existing as hydrate and carbonate can be 
determined by adding excess standard sulphuric acid, boiling to 
dissolve perfectly and expel carbonate acid, and then titrating back 
with alkali. For .this purpose any of the indicators may be 
employed. Magnesia in solution, as bicarbonate, can bo deter- 
mined directly by standard acid, in the cold with methyl orange, 
or in the boiling solution with any of the other indicatoiu 

The estimation of hydmte in presence of carbonate of magnesium, 
using phenacetolin or phenolphthalem as indicator, is almost impos- 
sible, as the hydrate is so insoluble in water, and the limited supply 
of acid which requires to be added attacks it so slowly that the 
results are eminently unsatisfactory. 

Before passing on to other compounds, special attention ought 
to be drawn to the method recently proposed by Hehner (Analyst, 
vol. VI 11., page 77), for the " Estimation of hardness without soap 
solution. " By this process, which should certainly supersede the 
less accurate soap test for the hardness of waters, the haixiness due 
to the carbonates of calcium and magnesium is first determined 
directly by standard acid in one portion of the sample. The titration 
must be done in a hot solution if phenacetolin, cochineal, or rosolic 
acid is employed as indicator, or in the cold if methyl orange is 
used. The author of the process recommends phenacetolin as the 
most delicate, and this is undoubtedly the case. Having thus deter- 
mined the temporary hardness, to another portion of the sample a 
measured quantity of standard carbonate of sodium, which must 
bo in considerable excess, is added, and the mixtui*e boiled till all 
the calcium and magnesium salts are converted into carbonate. 
The precipitate produced is filtered oflf", and the excess of carbonate 
of sodium determined in the filtrate by standard acid. The 
difierence lietween this result and the total quantity of carbonate 
of sodium added is calculated to carbonate of calcium, the answer 
being, when brought to grains per gallon, the degrees of hardness 
due to salts of calcium and magnesium other than carbonate. It 
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would be out of place to add anything to the convincing experi- 
ments published by Hehner, further than to state that, as the 
result of experiments on samples of water, I have found that the 
degrees of hardness obtained by this simple process agree very 
closely with those secured by calculation from the propoi-tions of 
the various compounds of calcium and magnesium, determined by 
the ordinaiy gravimetric methods. One point, seldom or never 
referred to, is the presence of carbonate of sodium, which is not 
unfrequeutly met with in water. When this compound is present 
it is obvious that the determination of temporary hardness will be 
high, and that, in estimating the permanent hardness, the amount 
of carbonate of sodium obtained will be greater than the quantity 
added. This increase, calculated to carbonate of calcium, and 
deducted from the result at first recorded as temporary hardness, 
will give the true temporary hardness. And this will also 
represent the total hardness, as a water containing carbonate of 
sodium cannot contain saMa of calcium and magnesium other than 
carbonate. 

V. — Chloride^ nitrate^ and sulphate of calcium , barium, ami 

magnesium. 

These salts are neutral to all the indicators, and only in the 
case of methyl orange somewhat more standard acid is required to 
produce the full change in colour, when the end-reaction is I'-eached, 
than is necessary in solutions free from these salts. This is also 
true, as I had occasion to point out before, with regard to the 
neutral salts of sodium, potassium, and ammonia. 

It has been established above that carbonate of calcium, when 
precipitated from a solution and boiled, is neutral to phenolph- 
thale'm. This is so decidedly the case that the amount of calcium 
can be determined in any neutral compoimd of that metal by 
titration with carbonate of sodium. The method of procedure is 
to add phenolphthalein, then neutralize with hydrate of sodium if 
acid, and finally add standard carbonate of sodium till the red 
colour at first developed is no longer discharged on boiling for a 
few minutes, but remains permanent. Two experiments made 
respectively with chloride and nitrate of calcium (each solution 
containing OOG gram, of calcium) consumeil 9*6 and 9 '65 c.c. of 
half normal carbonate of sodium, the results being almost exactly 
the same as the amount of lime i*eally present. 
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Similar results were obtained with barium chloride; but with 
magnesium salts a red coloration is produced immediately on 
addition of a little carbonate of sodium, and is not dispelled even 
by prolonged boiling. The above process, therefore, cannot be used 
for the estimation of calcium in presence of magnesium salts, as 
these seem to be decomposed simultaneously with the calcium 
compounds, and produce a coloration at once. 



VI, — Sulphites of calcium and magnesium. 

For each experiment '525 grain of normal sulphite of calcium 
was employed, and this was prepared by mixing a quantity of 
solution of sulphurous acid containing *28 gram, of SO.^, with 
hydrate of calcium solution containing *245 gram. CaO. 

Litmus. — With this indicator the change in colour was very 
gradual, so that anything like a desirable degree of certainty could 
not be attained to. As about 8 -5 c.c. of the half normal hydrochloric 
acid were consumed, it is evident that the bisulphite of calcium 
may be roughly regarded as the salt neutral to litmus, while the 
normal sulphito is strongly alkaline. 

Rosolic acid, — Unlike litmus, gives a sharp and well defined end- 
reaction, the result of two experiments being that only a mere 
trace of acid was required to discharge the pink colour in a cold 
solution, while in a boiling solution '4 and *5 ac. were respectively 
consumed. These results clearly show that normal sulphite of 
calcium is practically neutral to rosolic acid in a cold solution, 
although it shows a considerable alkaline reaction when boiling. 

Methyl orange, — Agrees with rosolic acid in giving a delicate end 
reaction, but here all likeness ceases. For the two tests 8*7 and 
8*75 c.c. of half -normal acid were respectively required, which give 
as an average '1 221 gram, of lime, or almost exactly half the amount 
really present. The bisulphite of calcium is thus neutral to 
methyl orange. 

Phenacetolin, — Acts in every respect like litmus, giving an 
exceedingly indefinite end-reaction, to bring out which about 8*5 
cc. of the standard acid was consumed. 

Ph-enolpJuhalein, — ^The normal sulphite of calcium is neutral to 
this indicator, both in a cold and boiling solution, probably being 
BO in the latter, because the sulphite of calcium is all, or nearly all, 
precipitated, and cannot attack the phenolphthaleln. 
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Showing retuitt obtuued b the titration oC oklciom inlpbite with hktf- 
nonnid hydrochloric acid. 

Amount of CtSO, empIoTcd for each teat -MS gnm. 

Equal CoO, „ „ -245 do. 



»„..„.»^. 




Grun. C«0 


litmus 


8-5 


-1190 


Roaolio Kid (cold). 


- 


tnce 


Do. (boiling), . . 


■4--5 


0(B6--0070 


Methyl oruigc . . . 


8-7-8-75 


■1218— 1225 


FbeuMetoltn, 


8'G 


'1190 


Phenolphthrieln (cold), . 




tr»c« 


Do. (boaiog), . 


... 


- 



_l _ 



As r^;arda magnesinm Bulphite, it ia only necessary to remark, 
that it acts in exactly the same way towards these indicators as 
calcium sulphita A dcBCription of the experiments made would 
be merely a repetition of what has been already related concern- 
ing the latter compound. 

Ijeaving out of sight the results obtained with litmus and 
phenacetolin (these indicators being absolutely neeless for all 
purposes connected with the accurate testing of sulphites), and 
looking more closely at those brought out when rosolic acid, 
methyl orange, and phenolphthaleln were employed, it is plunly 
evident that a method mig^t be constructed for the determination 
of tlie proportion of sulphurous acid in a solution of that (impound, 
or of bisulphite of lima Such a prooess would obviously be based 
on the difference of indication shown by methyl orange, on the one 
hand, and rosolic acid or pbenolpbtbalein, on the other, the 
Insnlphite of calcium (CaH, (BOj) ,), being neutral to the first- 
mentioned indicator, while the remaining two indicate the normal 
calcium sulphite (CaSO,) as the neutral salt. The analogous 
behaviour of these three indicators with the sulphites of sodium 
and potassium was pointed ont in the first part of this paper. To 
perfimn the titration, measure out a portion of the uxxi^Va «$3m&. 
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20 to 50 c.c. will be convenient quantities), add methyl orange, 
then solution of caustic soda, if acid, or hydrochloric acid, if alka- 
line, from a burette, till tlie neutral point is reached. Now add 
rosolic ucid or phenolphthalein, and then normal or half-normal 
hydrate of sodium, till the characteristic pink, or red colour, is just 
apparent. Multiply the number of cc. consumed during tlie second 
stage of this process by '064 if normal alkali is used, and the answer 
will bo the number of grammes of SOo in the quantity of sample 
operated uppn. 

The following were results obtained in testing equfil volumes of 
a sample of bisulphite of lime, both by this and the volumetric 
iodine method. 

TABLE IV. 

Showing results obtained iu testing bisulphite of lune by the alkalinictric 
and volumetric iodine methods, respectively. 



Alkalimetric Method. 




Iodine Method. 


Name of Indicator. 


c.c. of 2 
NallO consumed. 


Gram, of SOa 
found. 

•4608 
•4608 


Gram, of SOa 
found. 


Rosolic Acid, . 
Phenolphthalein , 


14-4 
14-4 


•4590 
•4570 



It is obvious, from the nature of the process, that sulphuric or 
hydrochloric acid cannot have any effect on the accuracy of the 
above process, as they give nse to salts neutral to rosolic acid, 
phenolphthalein, and methyl orange, during the fii*st addition of 
caustic soda. The presence of phosphoric acid, however, would 
be very injurious, as it would be partly counted as sulphurous acid. 
The only other substance likely to vitiate the results so far as to 
make them useless is carbonic acid, which, as has been abundantly 
proved, has a very great effect on rosolic acid and phenolphthalein, 
but more especially on the latter. The solution in this case cannot 
be boiled to expel carbonic acid, as it can iu the similar determination 
of phosphoric acid in phosphate of soda, after bringing it to the 
neutral point with methyl orange as indicator. It is therefore 
necessary to use a standard soda solution free from carbonate of 
sodium. To obtain this make up a solution of caustic soda, and 
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determine iu it tlie sulphate and carbonate of sodium, the former 
by precipitation as baiium sulphate and the latter by titration 
with acid, using phenolphthale'in or phenacetolin as indicator. 
Now knowing the proportion of these impurities, it is only neces- 
sary to take a measured quantity of the solution of hydrate of' 
sodium, add a quantity of chloride of barium equivalent to the 
carbonate and sulphate of sodium present, allow the precipitate to 
settle, and syphon off the clear liquor, which is then only to be 
tested and reduced to the required standard. 



VII. — Borntts of calcium, /iuiffnesium, potassiwuy mid 

ammonium. 

In the former poHion of this paper it was shown that the whole 
of the soda could be estimated in borax by standard acid, for which 
purpose methyl omnge alone was perfect, or, indeed, admissable. 
To ascertain if the borates of calcium would yield corresponding 
results, 2 gram, of i)ure boric acid were dissolved in water, and a 
quantity of solution of calcium hydrate containing '1370 gram, of 
lime added. The solution of bomte of calciimi, containing excess 
of boric acid, thus obtained was then titrated with half-normal 
acid, of which 9*8 c.c. were consumed in two experiments, giving 
•1372 gram, of lime iu each case. The end-reactions were extremely 
delicate, and left nothing to be desired. 

Similar t«sts were made with the borates of magnesium, potas- 
sium, and ammonium, and in each compound the whole of the 
base was estimated with as great accuracy as in the borates of 
sodium and calcium. 

It will now be evident that any of these borates may be deter- 
mined by standard acid in samples of boric acid. Even the very 
smallest proportion of a borate can thus be detected, as a specimen 
of pure boric acid did not show the least acid reaction with methyl 
orange, the pink colour being immediately developed on addition 
of one drop of normal acid, and the yellow colour brought back 
by a drop of normal alkali. Methyl orange will also be found 
useful in the analysis of commercial borates of lime and boracite ; 
but in titrating these it may be found necessary, in order to get 
them perfectly into solution, to add excess of the standard acid, 
then heat till dissolved, allow to cool, and titrate back with stan- 
dard hydrate or carbonate of sodium. 
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VI I L — Phospliates of calcium. 

The tricalcium orthophosphate (Ca32P04) being iusoluble in 
water Las no effect ou any of the indicators, while the monocalcium 
compound (CaH42P04) is neutral (as will be demonstrated imme- 
diately) to methyl orange, but is strongly acid to litmus, rosolic 
acid, phenacetolin, and phenolphthalein. It would seem feasible, 
if a suitable indicator could be obtained (and this we have in 
phenolphthalein), to determine phosphoric acid in a solution con- 
taining the monocalcium phosphate with excess of a neutral calcium 
salt present, by adding standard hydrate of sodium to the boiling 
solution till all the tribasic phosphate of calcium was precipitated. 
In any attempts I have met with to accomplish this object, the 
separation of the lime is insisted on as necessary on the ground 
that ordinary superphosphates contain sulphate of calcium, which 
would be developed by the carbonate of sodium employed for 
titration, and give high results. Now, this difficulty can be 
overcome by employing hydrate of sodium free from carbonate ; 
but^ unfortunately, another and insuperable difficulty renders such 
a process useless. This is shown by the following experiments. 
A solution was prepared by dissolving a weighed quantity of pure 
tricalcium phosphate in hydrochloric acid, diluting and adding 
caustic soda till the solution, which had been coloured pink by 
methyl orange, was rendered distinctly yellow. The mixture was 
then made up to a certain volume, so that 50 cc, the quantity 
used for each test, contained phosphoric acid and calcium exactly 
equivalent to '62 gram, of Ca32P04. After addition of phenolphtha- 
lein, half -normal caustic soda (1 ac. of which will, under the 
circumstances, be equal to '03875 gram, of Ca,2P04) was added, 
the first two drops producing a faint but distinct precipitate, until 
after boiling well a permanent red colour was produced, showing 
that all the phosphate of calcium was precipitated. Other tests 
were made with the same quantity of phosphate solution to which 
had been added various proportions of pure calcium chloride. The 
following were the results : — 

6200 grams. Cas 2PO4 really present 
6225 do. obtahied without addition of CaClo. 

6400 do. do. after adding '055 gram. CaCls. 

6614 do. do. do. Ill do. 

6750 do. do. do. '555 do. 

These results show that a basic ])hosphate must be to some extent 
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produced, the amount being greater when the proportion of neutral 
calcium salt present is greater, although even in the experiment 
made with the smallest quantity of calcium chloride, the most part 
of that compound remained in solution after the titration was 
finished. By the first of these tests — that made with the pure 
phosphate solution without addition of calcium chloride — it is 
proved that the monocalcium phosphate (CaH4P04) is neutral to 
methyl orange, because if it were not so, the result would have 
been either high or low, whereas it is at least within the limits of 
error. In corroboration of this, it has been already noted that the 
neutral point obtained by the use of methyl orange comes very 
close to that shown by the ordinary method of adding alkali till a 
faint precipitate appears. As would be expected, the methyl 
orange indicates neutrality just before any precipitate is produced, 
and to verify the fact several additional tests were made. It may 
be worthy of a passing note to mention that, when the titration 
described above is accomplished in the cold, much less of the alkali 
is consumed, the whole of the phosphoric acid is precipitated, but 
a considerable portion of the lime remains in solution. On 
boiling, the colour is dispelled and the same results as those 
quoted above are obtained. 

Having now discovered sufficiently grave reasons to discard the 
process described above, it will be well to examine the "New 
Method for the volumetric determination of Phosphoric Acid in 
the Superphosphates,'' proposed by A. Mollenda (Chem, NewSy 
vol. xlviL, page 231). This process consists in adding an alkali 
to the solution in which the phosphoric acid is to be determined, 
until a faint precipitate appears, then precipitating the lime in a 
boiling solution with oxalate of sodium, filtering off the oxalate of 
calcium, and titrating the filtrate, which now contains the mono- 
sodium phosphate (NaHjPO^), with hydrate or carbonate of 
sodium, using litmus, phenacetolin, or phenolphthalein as indi- 
cator. The author of the article referred to prefers the latter 
indicator, and in that case caustic soda or potash must be used. 
In the first part of this paper I proposed a similar method for the 
determination of phosphoric acid in phosphate of sodium, which 
depended on the difference of indication shown by methyl orange 
and phenolphthalein, but in this case the former indicator cannot 
be employed after precipitation of lime, as oxalate of sodium acts 
like an alkali toward it. It may be used in the neutralization 
before precipitating the lime, instead of depending on thelo^es^^TAs^ 
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appearance of a faint pi*ecipitate. In two determinations, made 
with '62 grams, of pure tricalciuni phosphate, by !Mollenda's 
method thus modified, 7*9 and 7*95 c.c. of half-normal caustic soda 
were consumed respectively. As the equivalent of 1 c.c. in 
Ca32P04 is -0775 gram., the amounts thus brought out gave as an 
average -6142 gram. These quantities are decidedly too low, but 
the difference may be accounted for partly through a little of the 
phosphate being precipitated with the oxalate of calcium, but 
must be chiefly assigned to the slight alkalinity of disodium 
phosphate (Na-jHPO^), produced by the action of the sodium 
hydrate. An allowance, based on tests made with pure disodium 
pliosphate, of 100th part of the whole phosphate present will 
eliminate the en'or thus caused. With regard to the use of litmus 
or phenacetolin in place of phenolphthalein, I can only repeat 
what was noted formerly, that not only are the neutral points 
indicated by the two former entirely different from the latter, 
but the end-reactions are so uncertain as to i*ender them useless 
where anything approaching to tnistworthy results arc required. 

A few experiments wen; next devoted to the estimation of 
phosphate of calcium in presence of iron. The solution employed 
contained '62 gram, of phosphate of calcium and perchloride of 
iron equivalent to '006 gram, of ferric oxide. CaiTying out 
Mollenda's process utimodijied (that is, utilizing the production of 
the faint precipitate to indicate tlie neutral point), three experi- 
ments gave '7002 and -one test gave '7020 gi*am. of CaJPO^. These 
results are so extremely high that they would give a difference of 
3 or 4 per cent, in an ordinary suj^erphosphate of average strength. 
The results were the same when the preliminary neutralization 
was done in a boiling solution. More alkali was required to effect 
the preliminary neutralization when methyl orange was employed, 
and at the same time a considerable precipitate was produced. 
This precipitate was collected, and on applying the necessary tests 
proved to be pure ferric phosphate. It weighetl 7 milligrams, and 
thus contained about two-thirds of the total iron present. The 
filtrate was then treated with sodium oxalate, and titrated with 
half-normal caustic soda, and on addmg the weight of the ferric 
phosphate precipitate, the total amount agreed with those oV>tained 
from pure tricalciuni phosphate. 

A small quantity of aluminium was found to have the same 
effect as iron, and it is evident that these two metals must be 
removed, as otherwise, even if they remain in solution, correct 
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results cannot be expecteil. These results show that, in con- 
structing a method of chemical analysis, every possible, and even 
what may with some show of reason be considei*ed impossible, 
source of error must be taken into account, and the subject care- 
fully worked out. 

The accuracy of the process does not seem to be affected by 
neutml magnesium salts, but it cannot be applied directly to 
superphosphates containing ammonium salts, as these injure the 
delicacy of the phenolphthaleiu. On the whole, no more can be 
said in favour of this method than that, under suitable conditions, 
it will give a near approximation to the truth. 



IX, — Behaviour of the indicators toith carbolic acidy <L*c, 

Having had occasion to test directly the alkalinity of a certain 
ammonia liquor, among other indicators I used rosolic acid, and 
found the pink colour at first developed was quickly destroyed, 
and could not be brought back with caustic soda. This led to 
testing the action of carbolic acid, with the result that that body 
was found to be neutral to litmus, rosolic acid, methyl orange, 
and phenacetolin, and that none of them was destroyed even after 
prolonged contact. Two gi*ams. of pure phenol dissolved in water 
and phenolphthalein added, required 1 "2 c.c. of half-normal alkali 
to produce a faint red colomtion, but a considerable additional 
quantity was required to bring out the full intensity of colour. 
The result shows that 100 grams, of phenol require -63 gram, of 
soda (Na^O) to make it neutral to phenolphthalein, but the end- 
reaction is extremely indistinct. 

On another occasion I wished to determine the soda in a solu- 
tion of sodium sulphide prepared by passing sulphuretted hydrogen 
through caustic soda, and found that, on adding acid in excess, the 
methyl orange employed seemed to have been destroyed, and gave 
no pink colour. There was a little sulphur precipitated, and 
thinking that it might have some reducing action, I made a test 
with a mixture of sulphite and thiosulphate of sodium, but the 
precipitated sulphur did not hinder the pink colour from appear- 
ing, and remaining permanent. I have not yet had time to experi- 
ment further in the direction of solving these problems connected 
with rosolic acid and methyl orange. 

In the following table is given an epitome of t\xe \^!e>\3\\.'& ^XsiasR^ 
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in the first smd second parts of this paper, including a few results 
recorded by other chemists : — 

Table of the behaviour of litmus, rosolic acid, methyl orangey phena- 
cetolvij and plienolphthaletn as indicators in the determination 
of alkali by standard acidSf and of acids by standard alkali. 
Constructed h'j Robert T. Thomson, City Analysts' Labora- 
tory, 138 Bath Street, Glasgow. 

In the following table are given the parts, by weight, of base or 
acid which can be estimated by standard acid or alkali in the 
various compounds, when 100 parts of the base or acid are present. 
The figures relating to the fats and fatty and resin acids are given 
on the authority of Hehner and Allen When the end-reaction is 
noted as " uncertain," it must be understood that the indicator is 
practically useless, unless specified otherwise in a note. 



Compounds 
Titrated. 



KHO,NaHO, 
Ca(HO)„ 
Ba(HO)„ 



NH4HO, 



K.CO„ 
NajCO-, 



PER CENT. OF BASE ESTIMATED WITH 

Coudition of 


Solution. 

Litmui. 


Bosolic Add. 


Methyl rueu- 
Orangc. ' acetolin. 


Phenolphthalcln. 


Cold , 100 
Boiling 100 
End-react'u Delicate 


100 
100 

Delicate 


100 100 

100 100 

Delicate Delicate 

I 


100 

100 

Delicate 

i 



Cold .. 100 ; 100 100 

£nd-react*n: Delicate I Delicate Delicate 

I I 



100 I 97 

Delicate > Uncertain 



Cold 
Boiling 

£nd-react'u 



100 
Delicate 



(NH4),C0s, . Cold 

I End-roact'n 



100 
Delicate 



100 

• • • 

Delicate 



100 
Delicate 



100 



50 (M 
100 



Delicate } Unct'n, cold 
! ( Delicate, hot 



... («) Cannot be 
iised at all. 



CaCOo, 
BaCOs, 



Cold 

Boiling 

End-reaict'n 



• • t I • • • X vv 

100 100 

Delicate I Delicate I Delicate 



100 
Delicate 



n 





(>) The end-reaction in the cold is distinct when only small quantities 
(say not more than '1 gram.) of the carbonate are present. 

(') Litmus, rosolic acid, or pheuacetolin can be used if excess of acid is 
added, the solution boiled, and titrated back with alkali. 

(^) 50 per cent, is estimated if CaCOg (but not BaCO,) is freshly precipi- 
tated, but not after boiling. 
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ComponndB 
Titrated. 


Condition of . 
Solntion. 


PER CENT. OF BASE ESTIMATED WITH 


Litmus. ] 


Roiolic Acid. 


Methyl 
Orange. 


Phen- 
acetolln. 


Phenolphftbaleln. 


NaHCOa, 
KHCO,, 
CaH.lCOo),, 


Cold 

Boiling 

£nd-react'n 


• • • 

100 
Delicate 


• • ■ 

100 

Delicate 


100 

• • • 

Delicate 



100 100 (♦) 
Delicate i Delicate 


MgO. 
MgCO,, 


Cold 

Boiling 

End-react'n 


• • • 

100 
Delicate 


• • • 

100 
Delicate 


100 

• • • 

Delicate 


• « • 

100 
Delicate 


• • • 

100 
Delicate 


Na^SO^, 
K,SO«, 


Cold 

Boiling 

End-react'n 


About 50 

... 
Uncertain 


•4 

102 

Delicate 


50 

« • • 

Delicate 


About 50 

• . • 
Uncertain 


•4 

8*0 
Delicate 


(NH,),SO„ 


Cold 
End-react'n 


About 50 
Uncertain 


•4 
Delicate 


50 

Delicate 


About 50 
Uncertain 


Cannot be 
used. 


OaSOa, 
MgSO,, 


Cold 
End-react'n 


About 50 
Uncertain 


•4 

Delicate 


50 
Delicate 


About 50 
Uncertain 


•4 
Delicate 


Na,S, 


Cold 
Boiling 

End-reacVn 


iob 

Delicate 


• • • 

100 
Delicate 


100 

• • « 

Delicate 


• • • 

100 

Delicate 


50 

100 
1 Unct'n, cold 
} Delicate,hot 


(NH,),S, 


Cold 
End-react'n 


• • • 

• • • 


• • t 

• • • 


100 
Delicate 


... (*) 

• • • 


Cannot be 
used 


Na^HPO^, 
K.HPO^, 


Cold 

Boiling 

End-react'xi 


About 50 

do. 
Uncertain 


About 50 

do. 
Uncertain 


50 

• « • 

Delicate 


About 50 

do. 
Uncertain 


1-0 
5*6 

Delicate 


(NHJ.HPO^, 


Cold 
End-react'j] 


About 50 
I Uncertain 


About 50 
Uncertain 


50 

Delicate 


About 50 

Uncertain 


Cannot be 
used 

i 


NaH^PO^, 

kh.Tpo^, 

CaH^(POJ„ 


• ■ • 

End-react'i 


Acid 

L • • • 


Acid 

• • • 


Neutral 
Delicate 


Acid 

• ■ • 


Acid 

• • • 

1 


NajHAsO^, 
KaHAsO^, 


Cold 

Boiling 

End-react'i 


About 50 
do. 
1 Uncertain 


About 50 

do. 
Uncertain 


50 

• • • 

Delicate 


About 50 1*0 
do. 1 6-5 
Uncertain Delicate 

1 



(^) This only applies to the sodium and potassium salts. 
(^) See note 2. 
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PER CENT. OF BASE ESTIMATED WITH 



Acid I Aciil 



NaAiO,, Cold 100 - lOO 100 100. 

KAaOt, BoUmg do, ! do. do. <lo. 

, Eud-reMt'o Dclicftte I Delicate DoUcftte Delicate 



I Cold 

Boiling 
Eud-reoct'ii 



Delicate Delicate i Delicate Deliuite 



Bontetof j Cold 100 I 100 j 100 , li» 

N«,K,NH„ ' Boiliue 100 100 ... 100 

C», and Mg, I End-renct'n Uncertain | Unoertoin I Delicate i UncertMll 



Al,Oa, i Cold 
ruUy pre- | Boiling 



(frainly pre- | jwumg i i i ■ ... i v 

oi^tAted), End-react'ii] Delicate . Delicate UDCtn(')^ Delicate 



"S3'" 


Conrlltlon or 
SolBllon. 


PER CENT. OF ACID ESTIMATED WITH 


Utmu». lloulicAelJ. *^''>J 

100 1 100 > 100 
Delicate \ Delicate 1 Delicate 


■CPlDlin. 

100 

Delicate 




-ar- 


I Cold 
1 Knd-react" n 

Cold 
1 End-react'n 

Cold 
: End-react'n 


100 

DeUcate 

lOO 
Delicate 

100 
Delicate 


H,C,0.„ 


100 100 j 1» 1 100 
Delicate Delicate Uncertain 1 Uncertain 

1 1 


HC,H,0., 


l(9-8 D 100 12 
Uncertain ■ Uncertain Uacertain 


m 

Uncertain 


H,C4H,0., 


Cold 
l-kid-teocfn 


100 100 , 80 

indiHtinct | indistinct 1 


IKl 
Uncertain 


100 
Delicate 



(*) TbU Joes not apply to aaiinonium borate. 

{"<) £nd.reaction ia tolerably distinct when only small quantities of AI,Oi are pretent. 

C) The BtandanI NaHO nscil wok standardized with noiinal H,SO,. 
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Compounds 
Titrated. 



HjCeHjO,, 



Condition of 
Solntion. 



PER CENT. OF ACID ESTIMATED WITH 



Litmus. ' Rosolie Acid. 



Methyl 
Grange. 



Cold 98-5 (•) 99 

End-react'n UncertaiD ' UDcertain 



45 

Uncertain 



Phenol. 



! Cold Neutral 

I 

; End>react*n Delicate 



Neutral 



Neutral 



Delicate ! Delicate 



Plien- 
acetolin. 



86 
Uncertain 



Pbenolpbtlutleln. 



100 
Delicate 



( 100gm8.Phen. 
Neutral •] consumes "63 I 

[ I gms. Na,0 
Delicate | Uncertain 



Fatty and 

Resin Acids 

and 

Neutral 

Fats. 



The following substances can l)e determined by standard alcoholic 
potash, phenolphthaleiu as indicator. One c.c. nonnal caustic potash 
(1 c.c. = '056 grm. KHO) is equal to — 



'088 gram, butyric acid. 
•282 do. oleic. 
'256 do. palmitic. 
*284 do. stearic. 
'410 do. cerotic. 



•1007 gram, tributyrin. 
•2947 do. triolein. 
•2687 do. tripalmitin. 
'2967 do. tristearin. 
•6760 do. myricin. 



'3129 do. resin acids (ordinary colophony, chiefly sylvic acid). 



(*) The standard NaHO used was standardized with normal HsS04. 
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—Note on an easy and rapid method of determining ike Specific 
Gravity of Solids. By James J. Dobbie, M.A., D.Sa, and 
John B. Hutciiesox, Assistants to the Professor of Chemistiy, 
Uuiveniity of Glasgow. 



[Read before tlic Society, 2na April, 1884.] 

The spcciiic gravity of a substance is the weight of a volume of 
that substance compared with that of an equal volume of some 
other substance selected as standard, and measured under the 
same conditions of temperature and pressui'e. 

Water is the standai'd universally employed for solids and 
liquids. Hence, in taking the specific gravity of a solid, the data 
which have to be determined experimentally are the weight of a 
volume of the solid, and the weight of an equal volume of water. 
The weight of wat^r is usually found by making use of the well- 
known principle that a solid, when weighed in a liquid, weighs 
less than in air, by the weight of the volume of liquid which it 
displaces. By subtracting, thei'efore, the weight of the solid in 
water from its weight in air, the weight of water displaced — t.e., 
the weight of a volume of water equal to that of the solid, is 
found. For accuracy, tliis method leaves nothing to be desired ; 
but the operation of weighing a solid in water is one which 
always involves some trouble, and frequently requires some 
delicacy of manipulation ; and in the case of solids which are 
soluble in water, the weighing must be i>erfonned in some other 
liquid, and the gravity having been found relatively to that liquid 
must be reduced subsequently to the standaixl of water. In the 
case too of a solid which is lighter than water, the weighing must 
either be performed in a liquid of less specific gi*avity, or else a 
heavy body must be attacheil to sink it in water. Whichever 
method be employed, additional weighings are required, and subse- 
quent calculation is involved. 

The method which we now propose to describe, and which we 
have employed for some time in this laboratory, is applicable in 
all cases, and gives results which agree as closely with those 
obtained by the oitlinary method as two difierent determinations 
by the ordinary method usually agree with one another. 
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Instead of finding the weight of water in the usual manner, we 
measure the volume of water displaced by the solid. 

The accompanying figure shows the apparatus which we employ, 
which may be termed a specific gravity burette. It consists of an 
U tube, one limb of which, a, is of small diameter (about -fg of 
an inch), the other, 6, of large diameter. A piece of tubing, c, 
of the same diameter as 5, and furnished with a stopcock, is joined 
to 6 by means of a piece of rubber tubing, g, so that it can be 
easily disconnected and joined again. A piece of cork or wood, 
d, with a groove cut in it, serves as a stand for the apparatus, 
which is further supported by the metal upright, e. 




The small tube, a, is graduated from the point indicated on the 
figure to cubic centimetres (= grammes) or grains of water. 
Several lines are engraved on the tube, 6, at the same level as 
the beginning of the graduation on a. The tube is filled with 
water or other liquid up to one of these lines. 
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The substance whose specific gravity is required, having been 
weighed, is placed in the tube, 5, when, of course, it displaces its 
own volume of the liquid. The tube, c, is then attached, the 
stopcock is opened, and, by blowing through c, the level of the 
liquid in h is depressed below the beginning of the graduation. By 
means of the stopcock it is allowed to rise slowly again until it 
reaches the level at which it stood before the solid was introduced. 
In this way the total bulk of liquid displaced is measured in the 
tube, a, which, being of small diameter, admits of the volume being 
measured with great accuracy. If the tube is graduated to giuins 
or grammes of water, the specific gravity of the substance is found 
directly by dividing the weight of the substance in air by the 
number of gi*ains or grammes indicated on the scale of the instru- 
ment. 

The Messrs. Gray, of the Physical Laboratory of this Univei'sity, 
suggested to us that by attaching to the tube, 6, a small tube in 
the form of a loop so placed as to have its limbs nearly at right 
angles to 6, we should be able to bring back the water in 6 to 
its original level with much greater accuracy than by reading 
directly in the wide tube, even with the aid of a float, since a 
slight alteration in the level of the water gives a large horizontal 
displacement in the loop tube. 

The following table will show the degree of accuracy which can 
be obtained by our method. Obviously to obtain good results 
with bodies of high specific gravity, as large a piece of substance 
as possible should be used. 





SpEcinc Obatitt. 


SPKcmc Gbavitt. 


DirrsxxHCB. 




By Ordinary Method. 


By New Method. 


Lead, 


11-333 


11-310 


0023- 


Copper, . 
Steel, 


8-090 


8-090 




8-480 


8-440 


0040- 


Zinc, 


7-160 


7-150 


0-010 - 


Glass, 


2-456 


2-452 


0-004- 


Iron Ore, . 


3-232 


3-240 


0008 + 


Copper Pyrites, 
Dolomite, 


4-762 


4-766 


0006- 


2-704 


2-723 


0019 + 


Quartz, . 


2-649 


2-620 


0.029- 


Malachite, 


3-953 


3-940 


0013 - 


Granite, . 


2-629 


2-611 


0-018- 


Wax, 


0-988 


997 


0-009 + 


Cork, 


0-202 


0-201 


0001- 


Sugar, 


1-404 


1-404 




Alum, 


1-777 


1-780 


0-003+ 



t4 
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The advantageB of the method are two-fol^. 

(1) Its rapidity. — Several detenninationB caii be made by it in 
the time required for a single determination by the ordinary 
method. 

(2) It ia applicable to all solids. — In the case of bodies lighter 
than 4ater, or soluble in water, the tube has only to be filled 
with the liquid appmpriate to the substance. In every case, no 
matter what liquid is employed, the amount of riiie in the tube 
will give the volume, and therefore the amount of water which 
the solid would displace. The rule for linding the specific gravity 
is always the same:— divide tlic weight of substance in air by the 
number of grains or grammes reeid off fi'om the burette. 

For entering into a description of so simple and obvious a 
contrivance, wo make this ajiology. It ia to be regretted, both on 
practical and scientific grounds, that chemists so seldom determine 
the physical constants of the numberless new salts, and other 
substances which pass through their hands. The reason un- 
doubtedly is that physical experimental methods are usually 
troublesome and tedious. We have endeavoured to simplify one 
of the simplest and moat beautiful of these methods, and shall 
be pleased if the apparatus we have described should facilitate 
the systematic description of the [)hysical properties of new 
substances. 
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VIL — Note on Mr, Joseph WhiiUiJs CeyUrifivgcd . Mode of Casting 
Steel Plates for Shipbuilding, ti'c. By Dr. Henry Muikhead, 
President 



[Read before the Society, 2nd April, 1884.] 



In 1878 and 1880 I read before this Society communications from 
Mr. Joseph Whitley, of Leeds, detailing experiments made by him, 
at my request, in reference to the change of volume taking place 
in metals and metalloids during the process of fusing. These com- 
munications, together witli some account of experiments conducted 
by Mr. Thos. Wrightson, of Stockton-on-Tees, which I included in 
my second paper (see voL XIL,page 124), had an important influence 
in modifying the views held by the highest authorities as to the 
earth's surface cooling, crusting, cracking to pieces, and sinking 
into the molten interior of our globe in ante-geologic times. (See 
vol. X., page 145, and vol. XII., page 121, of our Proceedings, and 
other references given there.) 

Mr. Whitley has recently erected large works at Leeds for the 
purpose of manufacturing, by a wholly new centrifugal method, 
steel plates for shipbuilding, steam-lx)ilers, kc. As the process 
seems destined to work a revolution in that branch of manufacture, 
I have thought it of suflicient interest and importance to give you 
a slight outline of the procedure. 

A hollow metal cylinder, lined with gannister or other brick, 
revolves at high speed, the axis being horizontal. A gutter or 
rhone, perforated with holes, passes into the interior along its 
whole length. Into this gutter is poured melted mild steel, which, 
escaping through the holes, is carried round by the swiftly-revolving 
case, and centrifugally is formed into an inner cylinder of steel of 
an inch or more in thickness. This cylinder, while still hot, is 
drawn out, cut across by a saw, put into a rolling mill, and rolled 
to the length and thickness retjuired. 

Mr. Whitley writes: — "Suppose I wish a plate for shipbuilding, 
then say, given a mould 5 feet in diameter and 5 feci long; in it I cast 
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a cylinder an inch thick. This, when taken out and cut, is fully 
1 5 feet long and 5 feet broad. It is then rolled down to half an inch 
of thickness. Such a plate is then 30 feet long and 5 feet hroad, 
for we can arrange that the displacement of the thickness shall be 
chiefly endwisa The present mould is 9' long and 5' diameter. 
With it yesterday (Fiiday, 7th March) I successfully cast a mild 
steel shell, weight of metal about 30 cwts. Tbis makes the long- 
looked-for, but now no longer doubtful fact, a historic fiict in 
metallurgical science. Hitherto these plates have been made from 
large ingots, which have been burnt on the outside while getting 
heated to the centre. It is tlie overheated portion that gives way 
in collisions, boiler burstings, <kc. In my process the whole plate 
is homogeneous throughout, and the tensile strength is so much 
increased that when ships collide there is no i*ending or fracture, 
and though the bilge is made to collapse, the ship, still floating, 
can sail into port to get rebilged — re-contoured. Of course tubes 
of smaller size can also be manufactured centrif ugally, and these are 
especially suitable for connections about steam-boilers, where, in 
lap-welded tubes, leakage is apt to take place at the overlap." 



88 Philosophical Society of Glasgow. 



VIII. — Presentation of a Models in Bronze ^ of Cleopatra's Needle, 
' By Dr. Henry Muirhead, President 



[Read before the Society, 2ad April, 1884.] 



Mr. Whitley has cast in bronze a very beautiful model of Cleo- 
patra's Needle as it came from Egypt. It is accurately to scale, 
half an inch to the foot, so that, with compasses and foot-rule, 
one can find the size of any portion of the obelisk or its hiero- 
glyphics. I had a visit from Mr. Whitley last month, and he very 
handsomely said, ''I will make you a present of the model, on 
condition that you present it to the Philosophical Society of Glas- 
gow," which I now have much pleasure in doing. You will 
observe that the model is mounted on a plated pedestal, on which 
he has engraved my name. The side with my name corresponds 
to that side of the monument fronting the Thames Embankment 

The Needle, >vith a fellow, which is still standing in Alexandria, 
was brought during times of Roman rule to that city from An 
(Heliopolis), the On of tlie Hebrews. Originally it was cut from 
one of the granite quanies of Syene, near the south of Upper 
Egypt. It is covered with hieroglyphics, in three columns, on 
each of its four sides. Of these the central and broadest columns 
are by Thothmes III., a sovereign of the 18th Egyptian dynasty, 
a great conqueror. His rule extended from Libya on the west to 
Babylonia on the east, and from Abyssinia on the south to the 
Isles of Greece and ^-nu^iiia on the north. He reigned in the 
16th century B.C. His wife Hasheps, who was also his sister, a 
woman of much ability, older than himself, not only metaphorically 
but actually wore the male garment, till death relieved him from 
her sway. He then cut hei- name from the monuments, pre-datiug 
the commencement of his own reign. 

The inscriptions on each side of the centi*al colimins ai*c by 
Kameses II., the thiixl sovereign of the 19th dynasty — the Sesostris 
of the Greeks, and " the greatest figure in the long line of the 



Dr. Muibhead — Fresentation of Model qf Cleopatra's SeedU. S9 



Pharaohs,*' t>o that it happens that we have on this obelisk hiero- 
glyphics of the two most powerful Egyptian monarchs that the 
world ever saw. The inscriptions are little else than titles and 
ascriptions to the solai* deities of Egypt, as, for example, according 
to Dr. Samuel Bii'ch's decipherment, on side towards the east, on 
Thames Embankment: — 

Central Column, — The Uorus, lord of the upper and lower 
country, the powerful bull crowned in the Uas or Thebes, the 
King of the North and South, Ramen Chepher, has made his 
monument to Ids father, Haremachu (Hoi-us of the Horizons). 
He has set him up two great obelisks, capped with gold, at the 
first time of the festivals of thirty years, according to his wish he 
did it, the son of the Sun Thothmes (IlL) tyjje of types did it, 
beloved of Haremachu, ever living. 

Left Column of same side, — ^The Horus of the upper lower 
countiy, the powerful bull beloved of the Sun, the King of Upper 
and Lower Egypt, Ra-user-ma, approved of the Sun, lord of the 
festivals, like Ptah-Tanen, son of the Sun, Rameses, beloved of 
Amen, a strong bull like the son of Nu (Osiris), whom none can 
withstand, the lord of the countries Ra-user-ma approved of the 
Sun, son of the Sun Ramessu (IT.), beloved of Amen, giver of life, 
like the Sun. 
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IX. — On a New Metliod of Measuring the Heat-conducihig Power of 
cariotis MfUeriala^ such as Cotton f Wool, Hairy d'c. By J. J. 
Coleman, F.LC, F.C.S. 



[Read before the Society, 23rd Januaiy, 1884.] 



In the last edition of the ''Eucyclopaedia Britaimica" Sir Wm. 
Tliomson calls attention (in the article ''Heat") to unsatisfactoiy 
and inaccurate figui'es which have been put forward by Peclet as 
to the conducting power for heat of various solids. In regard to 
metals proper, more correct results have been achieved by the late 
Principal Forbes of Edinburgh, Professor Tait, and others. In 
all treatises upon heat Peclet's figures relating to the conducting 
powers of fibrous and spongy substances, such as cotton, wool, 
sawdust, <kc, arc assumed as correct, and possibly they may be, 
but they are deficient in giving practical information to those who 
require to construct insulated cold chambers for the preservation 
of ice, and similar technical purposes. 

I have therefore had occasion to make a number of experiments 
on the subject, which, besides their practical utility, I venture to 
think are of scientific interest. The apparatus used in my first 
series of experiments, which were commenced in June, 1883, con- 
sisted of 10-inch cubes of thin tinplate filled with ice, placed inside 
18-inch cubes of thin tinplate, the space between the two cubes 
being filled with the substance to be tested. (See Figs. 1 and 2.) 
A number of these cubes were placed side by side in a room kept 
at an uniform temperature of about 60'' Fahr., the ice melted per 
hour being drawn off and measured, from which the quantity of 
heat penetrating into the ice was easily calculated. It will bo 
seen that this apparatus in its general features resembles the 
" Lavoisier Calorimeter," designed for measuring specific heat, but 
I am not aware that this principle has been adopted before for 
measuring thermal conductivity. The results of the experiments 
are summarised in Table I. 

No observations were taken until the vessels charged with ice 
had been about 18 hours in the constant temperature of the room, 
thus allowing equilibrium to l>e established. The melted ice was 
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then carefully drawn off from the solid ice by the India-rubber 
pipe Xf provided with a clip, at 10 a. M. of the 15th June, and the 
results during the subsequent 24 hours were taken as the most 
reliable, although for a still further period of 48 hours the obser- 
vations were continued, and are recorded in the Table. All the 
materials were dried by keeping them in a loose state in a well- 
ventilated room, kept warm by an ordinary domestic fire for 
several weeks before the commencement of the experiments. 

It was now thought desirable to make a similar series of experi- 
ments in a room kept at a temperature of about lOO"" Fahr. These 
were commenced on the 17th January, 1884, and continued until 
the 19th, and the results are recorded in Table II. herewith. The 
water drawn off during the first 10 houi*s is not included in the 
Table, which is confined to the results obtained between 11 a. m. 
of the 18th and 6.30 p.m. of the same day. Silicate cotton stands 
again at the head of the list ; and it may be as well to explain 
that this interesting substance resembles cotton wool in appearance, 
and is produced in large quantities by blowing steam into melted 
blast-furnace slag. It is therefore a glassy fibre. 

As it was an interesting matter to compare sheep's wool and 
cotton wool accurately, care was taken that the weight of mateiial 
used in each case was exactly the same for a given space filled 
up — 3 lbs. The figures of conductivity obtained represent the 
warmth of garments of equal thickness and equal weights. Of 
course, if with the two materials the weight of the garment per 
square foot is identical, but the thickness different from a different 
style of manufacture, then these figures will be modified. 

As for technical purposes, charcoal is confined between walls of 
wood. A larger experiment was made in the room kept at 100®, 
the inner vessel of ice measuring 22 inches cube. This was sur- 
rounded by an outer layer of charcoal, three inches thick, and an 
outer wall of wood (deal) one inch thick. It was found that under 
these circumstances the ice melted at the rate of about 1 lb. per 
24 hours for every superficial foot of insulation. 

Although silicate cotton stands at the head of the list as an 
insulator, 10 inches thick being equivalent to say 12 or 15 inches 
of wood charcoal, it by no means follows that it is always the best 
substance to use. To begin with, it is four times, or perhaps six 
times, as costly as charcoal, and has the fault of being friable and 
liable to fall into powder, especially if used on board ship, from 
the incessant motion of the vessel when out at ^oa^. 
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X. — On a New Thermometer or Th^rmoscope, By J. J. Coleman, 

F.I.C, F.C.S. 



[Read before the Society, 23rd January, 1884.] 



Altiiouoii tlie principle of an ordinary mercurial thermometer, 
spirit thermometer, or air thermometer, or even of a Breguet's 
metallic thermometer is such that any fraction of a degree of 
heat can be measured by the uniform rate of expansion, still, in 
gradttating such thermometers two physical constants are used — 
namely, the freezing point of water and the boiling point of the 
same liquid — and it is these points that are marked on the instru- 
ment previous to graduation* 

It is clear, therefore, that adopting the freezing point of a liquid 
or the melting point of a solid for measuring temperature is correct 
in theory, and that a seri(.'s of such substances placed side by side 
in tubes could be employed for the purpose. Such an instrument 
Sii' Wm. Thomson proix)ses should be called a *^ discontmuous 
intrinsic thermoscope." I am not aware of any such instrument 
having been hitherto practically constructed, from the difficulty 
there is in getting a series of solids having a gradual and minute 
difference in their melting i)oints, or of liquids having gradual and 
minute differences in their freezing points. Glycerine, when 
absolutely pure, crystallizes not very much below the temperature 
of freezing water, but when it contains in admixture a trace of 
water it does not solidify until about 40^^ below zero of Falu'., and 
this solidification is not of a crystalline but of a buttery nature. 
By adding successive additions of water, liquids freezing at any 
intermediate point up to the freezing point of water can easily be 
prepared. Above the temperature of freezing of water, and ex- 
tending up to 150^ Falir., we have paraffins (olefins), which can be 
readily obtained, having the property of congealing at any inter- 
mediate point. 
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These substances, therefore, ofler a very fair means of constnict- 
instruments capable of indicating thi*ough a range of 200", and 
the range might be probably fiirther increased by using alcohol to 
mix with the glycerine for temperatures lower than this range, 
and anthracene or some similar substance for temperatures higher 
than this range. The instruments I now submit to the Society 
are rather rough, inasmuch as they only show differences of less 
than 5* in temperature (see Figs. 3 and 4), but it is manifest that 
the tubes of which such an instnmient consists can be multiplied 
to any extent, and made of very fine bore for scientific pui*poses, 
or they can be of several inches diameter, and say a foot or two 
in deptli, so as to be avaible for use in public gaixlens, squares, 
and such like places. In any case, it is advisable to have them 
hermetically sealed. 

The makers of such instruments would, in the fii*st case, require 
to have large quantities of liquid made, and tested with a standard 
thermometer, after which the instruments could be turned out 
with facility and despatch from the stock kept of the various 
liquids. 
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XL — On tlie Measurement of Electric Currents and Potentials, 

By Sir William Thomson, F.R.S. 



[Read before the Society, 9th January, 1884.] 



In this communication, after referring to the electrometer as being, 
when available, in one form or other, the most proper instrument 
for measuring differences of electric potential (inasmuch as it dis- 
turbs the difference of potential to be measured not at all, because 
the insulation of the insulated part or parts may be made practi- 
cally perfect), it was shown that the functions of an electrometer 
can, for many practical purposes, in a thoroughly satisfactory 
manner, be performed by means of a galvanometer of high resist- 
ance. Thus, galvanometers of from 200 or 300 to 30,000 ohms 
resistance can be very conveniently used for measuring differences 
of potentials of from 1 to 600 volts, provided that in each case the 
coil is not heated by the current produced in it so much as to 
cause more than allowable error by augmentation of its resistance. 
To obviate the need for a temperature coiTection on account of 
difference of atmospheric temperature it is necessary, for fairly 
satisfactory accuracy in ordinary practice, to have the coils of 
potential galvanometers made of German silver wire instead of 
copper. In cases, however, in which the sensibility obtainable by 
copper is desired, the galvanometer coils may be made of copper 
wire, but the proper temperature correction, amounting approxi- 
mately to '39 per cent, per degree centigrade, must be carefully 
applied. But there is no need for the sensibility obtainable by 
copper coils in almost any of the practical applications of electricity 
except telegraphy; and for general use in scientific laboratories, 
or in electrical factories, or in connection with electric light instal- 
lations, the potential galvanometer ought to have its coils of 
German silver wire, because the increase of resistance for this alloy 
is only about '04 per cent per degree centigrade, and is less than 
for any other known and practically available metal. 
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The author showed a iiew furm of pneiLtial galvanoiuetor, with 
four German ^ilve^ coils acting on the two nee^Ues of on astatic 
combination hung bv a single silk libre. The astatic combination 
has for most practical applications great advantage over the single 
needle galvanometer, in respect to liability to disturlioiioe by 
magnets in its neighbourhood. Tlie new form of astatic needle 
galvanometer, whether for current or j^totential, may be ust\l even 
in close proximity to a dynamo machine without l>eing sensibly dis- 
turbed. In this instrument the two needles of the astatic com- 
bination are controlled by two equal magnets, or combinations of 
magnets^ symmetrically arranged, adjustable for zero, and adjust- 
able in respect to power. The method for ailjustmeiit to any 
desired sensibility, for the ]K)tential galvanometer, through a wider 
range than can be conveniently given by the magnetic contix>ller, 
is by the use of adjustable resistances placed in series with the 
coils of the galvanometer. A very convenient and reaily ap]>liance 
of this kind constituted part of a complete instrument shown to 
the Society and designated by the author a long-range }x>tential 
galvanometer. After many years of trials and anxious thought, 
the author had come to prefer, for pmctical purposes, the use of a 
standard Daniell cell to any other means hitherto realiseil for 

m 

standardising a ])otential galvanometer. Acconlingly he has made, 
to be used in connection with the new galvanometer, a convenient 
form of a standard Daniell cell. 

A specimen of the cell was shown to the Society. It consists of 
a shallow rectangular tray of sheet copjKjr, which may W alH>ut 
15 centimetres square, having vertical sides alK)ut 5 centimetrt»s 
high. The vertical sides are, for electrical reasons, enamelled or 
painted, to prevent contact between them and the liquid of the 
cell. Within this tray is placeil a zinc plate about 3 nnn. thick, 
and 14 centimetres square, supported firmly in notches of four 
wooden blocks resting securely in the four comers of the tray. 
In the centre of the zinc plate is a hole about one centimetre 
diameter, through which the stem of a tiller, long enough to reach 
the bottom of the tray, i)asses, and which is used to pour into the 
bottom of the tray a measured quantity of a saturated solution of 
sidphate of copper. The tube of the filler is very fine, and the 
capacity of the wide part is sufficient to hold the whole amount of 
copper solution, which is poured quickly into the tiller, and flows 
slowly out of it in the course of about a minute, so as to spread slowly 
over the bottom of the cell. The wide part of the filler is flat, so 
Vol. XV. « 



98 FhilosophiccU Society of Glasgow, 

as to let it rest stably on the top of the zinc plate. To set up in 
action this cell, a solution of sulphate of zinc of 1*02 specific 
gravity is poured into the tray so as to fill it as high up as the 
zinc plate, and by means of the filler a concentrateil solution of 
sulphate of copper, sufficient in quantity to make a layer of about 
half a centimetre deep, is i)ourccl in along the lx)ttom of the 
tray. 

The instrument, without any resistance added to its coil, is of 
good sensibility for a single cell. In this condition its coefficient 
is determined. Then a very simple calculation, or a table of 
numbers, tells the proper quantity of resistance to be added in 
order to give exactly the right sensibility with single divisions or 
round numbers of divisions, corresponding to single volts or round 
numbers of volts, according to convenience, in the special application 
for which the instrument is wanted. Tlie user can always, with 
great ease, and with very little expenditure*of time, standardise 
his own instrument in this manner by aid of a standard cell and 
standard solutions which are supplied along with the instrument 

The pointer by which the deflections are indicated consists of a 
light tube of aluminium witli one end shaped to a fine edge, by 
which the deflection is read on a circular scale, divided and 
numbered, as in the author's graded galvanometers, according to 
tangents of angles of deflection. As in those previous instruments, 
the scale is of paper pasted on a horizontal mirror, by aid of which 
error from pai^Uax is avoided with great ease in taking the readings. 
To the other end of this pointer is attached about a centimetre of 
fine platinum wire, turned downwai'ds so as to dip about a quarter 
of a centimetre below the surface of a large flat dish of heavy 
paraffin oil, with which a little olive oil may be mixed when more 
of viscous i-esistance than is given by the paraffin is desired. Tlie 
author has found that by this means a most satisfactory dead-beat 
eficct is obtained, without any sensible error in respect to the 
position of eriuilibrium, whether for zero or for the deflection 
produced by a current. A properly shaped metallic pipette bottle, 
by which, when the galvanometer is to be moved at any time, the 
oil may be drawn oft* from the oil-vessel with great ease, carried 
away without risk of losing any of it, and replaced in the vessel in 
the galvanometer, is supplied with the instrument. To make the 
galvanometer itself i)ortable, the framework caiTying the st^el 
needles and pointer, which is hung by a silk fibre when the instru- 
ment is in use, is let down by aid of a screw so as to hang upon a 
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brass pin, passing throogh a ring which forms part of the frame- 
work. In this condition the instnimT>nt may 1« tamed upside 
down or carried about in the roughest war, without the possibilitv 
of breaking the silk fibre. To set the instmment in action all 
that is necessaiT is to place it in position and level it, and by the 
screw pidl up the upper end of the fibre to its projier position. 

A current galvanometer, with portable silk fibre suspension, oil 
vessel to give the dead-heat quality, astatic needles acted on by 
two drcnlar coils in the main circuit surrounding the two needles 
respectively, and two magnetic systems of controlling magnets 
acting symmetrically on the two needles, was sho>%'n to the Society, 
This instrument is in all respects exceedingly convenient for the 
practical measurement of currents, except for the comparative 
difficulty of standardising from time to time, necessary on account 
of the inconstancy of the steel magnets. This may be done elec- 
trolytically, with sufficient accuracy for most practical purposes, 
by weighing the deposit of cop))er from a solution of sulphate of 
copper, in the manner describefl at the end of Chap. VII. of 2^[r. 
Andrew Gray's book, "Absolute Measurements in Electncity and 
Magnetism'' (Macmillan, 1884). The process is, however, some- 
what troublesome, and takes a good deal of time. The standard- 
ising may be done with much greater ease by comparison with a 
standard current meter on the principle of Weber's electro-dyna- 
mometer. A very valuable and convenient instrument of this 
class, Siemens' wel^kno^\'n electro-dynamometer, vnih. its novel 
and ingenious method for measuring torque by means of a spiral 
spring acting on the moveable coil or arc, which is suspende<l by 
a silk thread passing down along the axis of the spring from a 
fixed |)oint above, and has its two ends clipping in cups of mer- 
cury below in the same vertical with the bearing thread, was 
shown to the Societv. 

Among the instruments shown to the Society was also a Siemens- 
Watts' meter, which is the same as his electro-dynamometer except 
that the fixed coil, instead of being of a small number of turns of 
thick copper wire in the main circuit, is of a very largo number 
of turns of very fine German silver wire, connected by its two ends 
' to two points of the main circuit, between which the measurement 
in Watts, of the electrical activity of the current, is to be made. 
The moveable coil is, by means of its cups of mercury, joined in 
series with the main circuit The instrument is an exceedingly 
convenient and valuable realisation of an idea which has no doubt 
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occurred to inauy electricians,* but which, so far as the author 
knew, was tirst published by Prof. John Perry in the Journal 
of the Society of Arts for April 15, 1881, as embodied in an 
instrument designed by Prof. Ayrton and himself. 

The author remarked upon the great want which existed of a 
name for the unit of conductivity. He repeated a suggestion 
which he had made in his lecture on ** Electrical Units of 
Measurements," delivered before the Institute of Civil Engineers 
in London, on 3rd May, 1883, that the name '* mho " might be 
adopted for the unit of conductivity coiTesjwnding to the resistance 
of one ohm. He showed to the Society a new instiaiment which 
he liad designed, and which he termed a mho-meter. It illustrated 
the great advantages in using the conductivity method in many 
electric measurements. 

This instrument is simply an astatic-needle current galvanometer, 
witli the steel controlling-magnets replaced by coils of very line 
German silver or copper wire, placed perpendicularly to the gal- 
vanometer coils proper. The two ends of the controlling coils are 
])ut in metallic connection with two points of a conductor, between 
which the conductivity is to be determined, the conductivity to be 
measured being exceedingly great in comparison with that of the 
controlling coils. The galvanometer coils proper are connected, so 
that the whole current through them passes through the conductor 
whose conductivity is to be measured, except the small part of it 
which goes through the controlling coils. With these connections 
it is clear that the conductivity to be tested is equal to an absolute 
constant multiplied into the conductivity of the controlling coils 
and into the tangent of the angle of deflection. One main object 
of the instrument is to give a ready measurement of the conduc- 
tivity of dynamo armatures and electric light mains, or of speci- 
mens of copper submitted for tests of theii* specific conductivity. 
For this application the controlling coils are made of copper, so 
that no temperature correction may be required (provided the 
tempemture of the galvanometer is approximately enough the 
same as that of the conductor tested), and the instrument thus 
made may be called a " copper conductivity meter." 



* Prof. Perry, Journal of the Society of Arts for 15th April, 1881 ; Sir 
William Thomson and Profs. Ayrton and Perry, British Association 
Report, York, 1881, and Journal of SociHy of Telegraph Enfj'meera and 
Electncianf*, Vol. XL, May, 1882. 
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this coedEci??iit 5-:h 'hi* oz? .ii-. :^:o:: or rr!:>r» r.o.^ to i :v.Lv\ or a 
decamh':'. cr \ Lry.'ATnhc-. -rr :o ai.v oth^r valuo, with:-. ,a w:oo 
rang?, which liat r-& fo"::d o"-r.vrr.:vr.:. T: !::;».y, f": t\avaHt\ Iv 
adjastei :r» give de:!rc:ivr.> ;i: ihe r:.:*- •■!" ov.-^ .iivUior. |vr lamp, 
and KT tfiis ir-r'H'^atio:. :r.-? instmnser.: ir.av ^v!;\rr.'.or.T'.v )v crtUo\i 
a "lamo m€-t€'r." 

The author has such an irotrumeut now in i;s»» ov. tho lijihiinji 
system of his hous^. in wh:oh varkini: iiinnUn-s of from I lo t«> 
Swan lamp?. s^«me of the oM lyj-.. 4- voits, ;iiui sonu* t»f tho now 
type, but of cixly >4 volts ■ iii:jie;id of iiio 110. whioii of ivui-so 
would be preferable if it were not for ih»* oM lamps, whioh ho ha*i 
had in use for two years, and which he wishes to k»vp in uso for 
as many vears longer as thev will la^tK Ir is lH\*\uiiful to sot* tho 
pointer moving up two diWsions when a pair of tho old laiu|Ks in 
series, and by one division when oui^ lamp of tho now ty^n^ is 
lighted, and falling bimilarly when any nuiuKn* of tho lami»s aiv 
extinguished; and it is very useful to ho able, mon^ly by loi^kini; 
at the instrument, to tell how many lamps aiv light tnl at any time. 
The inequality of the lamps <;ivos scaively an uncertainty of (»no 
lamp in the whole number when oO or 40 aiv inoandositMl. 

The potential galvanometer, whioh is also always kept on the 
mains, shows considerable ine<]ualities (cheokfd always, in tin* coiii-ko 
of a few seconds, by the author's i>otential rogvilator, with its pair 
of mutually-geared horizontal cog-wheels dipping on ono hiile or 
tho other, according as tlio potential is loo high or too low, into u 
hollow centrifugal cylinder of oil rotating mpidly rouml them), l»ut 
the pointer of the lamp meter remains absolutely unnu)ved (or 
mther, with absolutely no perc(»ptible motion) throughout, tlirse 
inequalities. 
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XIL— Dr. ALLEN THOMSON. 



[Read >)eforo the Society, 30th Apiil, 18S4.] 



Allen Thomson was born in Edinburgh, on the 2nd of April, 
1809, and ho died in London, on the 2l8t of Marcli, 188-1, liaving 
thus nearly completed his seventy-fifth year. For nearly half a 
century he held a prominent position among scientific men, and 
for thirty years he was closely connected with Glasgow, as an 
eminent citizen who took his part in promoting the common well- 
being, and as one of the most distinguished pi*ofessors in the 
university. Further, as for thirty-five years he was a member of 
our Society, and at one time its President, it is becoming and 
respectful to his memory that at a Meeting of the Philosophical 
Society of Glasgow there should be read an account of who he was 
and what he did. 

He was the son of Dr. John Thomson, who became succes- 
sively Professor of Military Surgery and of Medicine and General 
Pathology in the University of Edinburgh, and of Margaret, the 
tliird daughter of John Millar, Advocate, who was Professor of 
Law in the University of Glasgow in the latter half of last century 
(from 17G1 to 1801). Allen Thomson wrote a biographical notice 
of his father,* from which we leam that his gi'andfather was a 
silk weaver, who came fix)m Kinross, where at one time ho was 
i-athcr prospei-ous in the world. Adverse circumstances compelled 
his grandfather to settle in Paisley, where for many years he had 
a struggle in rearing his family. John Thomson, one of the sons 
(born 1765 — died 1846), was apprenticed to his father^s trade, 
but, like many a Scotch youth, he loved learning, and strove 
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to get it uuder adverse circumstances.* His father, who was 
aA Anti-burgher Seceder, hoped to see his son John a minister 
in that worthy body of dissenters, and was not a little annoyed 
when he found he had a strong predilection for the study of 
medicine. However, he gave way, and John Thomson, after 
studying in Glasgow and Edinburgh, became one of the foremost 
physicians and pathologists of his time, and occupied two chairs 
successively in the University of Edinburgh, both of which were 
founded on his recommendation. t He was a man of great erudi- 
tion and force of character, and he made important conti-ibutions 
to the medical science of his day. 

Whilst he was a Houso-Surgeon in the Royal Inlirmaiy of 
Edinburgh, John Thomson became the friend of John Allen, J who 
at one time lectured on physiology in Edinburgh, and who after- 
wards, drifting into a politico-literary career, became the private 
secretary and confidential friend of Lord Holland. This John 
Allen was in his day a prolific writer on political subjects, but he 
is probably best known as the author of the well-known book on 
the "Rise and Growth of the Royal Prerogative in England." 
His name was given to the subject of this memoir, and thus we 
can trace the origin of the familiar name of Allen Thomson. 

John Thomson was twice married. By his first marriage he had 
three children, the most remarkable of whom was Dr. William 
Thomson, who was Professor of Medicine in the University of 
Glasgow from 1841 to 1852; and by the second marriage he 
became the father of Allen Thomson. The home in which Allen 
Thomson was reared in Edinburgh was no doubt one of plain 
living and high thinking, as his father must have had the same 
kind of struggle as all must encounter who aim at establishing 
a professional and scientific reputation in Edinburgh, where the 
contest is alwa3rs keen and the prizes few. Of this period of 

* " Professor Thomson was originally intended to be a weaver, and laid 

the foundation of his future eminence by laborious study while following 

that occupation. He had the books he was studying always lying open at 

the side of his loom, and he never lost a moment he could spare in making 

use of them.'* — Biographical notice of John Allen, prefixed to '* Inquiry into 

the Kise and Growth of the Royal Prerogative in England,'' by John Allen, 

1849. 
t Sii' Alexander Grant's "Story of the University of Edinburgh Vol. 

n., p. 441. 

:|: John Allen, born at Redfoord, Parish of Colinton, near Edinburgh, 3rd 

February, 1771 ; died lOth April, 1843. 



104 Philosophical Socleiy of Glasyow. 

Allen Thomson's career we have an interesting reminiscence just 
published in the "Memoirs of Life and Work" of Dr. C. J. B. 
Williams, who states that in 1820 he was a pupil resident in the 
house of Dr. John Thomson, first in John Street, Canongate, and 
afterwards at Minto House, Argyll Square.* He says: — "He 
received from six to eight other pupils. We were well fed, and 
generally made comfortable, and I must say that I was always 
treated with kindness by both Dr. and Mrs. Thomson, and during 
the whole of my stay of four years we never had any disagreement. 
It was not so with some of the other students, and there were 
many changes of companions dui-ing my sojourn." At this period, 
Allen Thomson was about eleven yeai's of age, and it is interesting 
to have a glimpse of the circumstances of his father's household, 
given us by one still alive, who sixty-four years ago was one of 
the family. 

Allen Thomson was educated at the High School and University 
of Edinburgh and at Paris, and ho graduated as Doctor of Medicine 
at the University of Eduiburgh in 1830. It is significant of the 
bent of his mind towards embryology, the department of science in 
which he afterwards acquired honourable distinction, that his 
graduation thesis was "On the Development of the Vascular 
System in the Fcetus of Vertebrated Animals, "t At the time of 
graduation he was President of the Royal Medical Society, a 
students' society which has contributed not a little to the fame of 
the medical school of Edinburgh, inasmuch as in the roll of its 
Presidents will be found the names of many who in after life 
became leaders in the profession. The year after graduation — 
1831 — he became a Fellow of the Royal College of Surgeons, and 
he travelled on the Continent, especially in Holland* and Germany. 
During this tour he visited many anatomical and i)athological 
museums, and took elaborate notes of what he saw. This appeal's 
to have been a practice in early life, and I have before me many 
note-books full of details, carefully recorded in the neat hand- 
writing which was characteristic of him up to nearly the end 
of his life. These notes are descriptions of special preparations 
anatomical and pathological, with shrewd critical remarks. 

On his return to EdinV)urgh he started as an extra-academical 
lecturer on anatomy and physiology. In this undertaking he was 
associated with the late Dr. William Sharpey, who ultimately 

♦ ♦* Memoirs of Life and Work," by Dr. C. J. B. Williams. 1884. 
t Skiinburyh New Phiiosojihical Jmtrnal, 1830, p. *295. 
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became Professor of Physiology in University College, London, 
and with whom Dr. Thomson maintained a life-long fiiendship of 
the closest possible character. In those days it was no light 
undertaking to become a teacher of anatomy in Edinburgh. The 
Anatomy Act was not passed till 1832, and the public mind was 
still excited by the notorious proceedings of Burke and Hare. In 
the University, the third Munro filled the Chair of Anatomy, but 
the great bulk of the students flocked to listen to the brilliant 
prelections of the celebrated Robert Knox, who in one year about 
this period had an extra-mural class numbering 504. Knox was 
unrivalled as a lecturer, and, as he brought his powers of ridicule 
and sarcasm to bear on all opponents. Dr. Thomson and his coad- 
jutor came in for their full share.* About this time also a number 
of men, who afterwards became famous, were either students or 
extra-mural teachers, and there was the keen contest of able intel- 
lects, and the rivalry of a noble ambition. It is sufticient to 
mention the names of John Reid, John Goodsir, Edward Forbes, 
William B. Carpenter, and John Hughes Bennett. All became 
distinguished in biological science, and in such an atmosphere of 
thought it is no wonder that Allen Thomson was encouraged to 
prosecute a purely scientific career. None of these remain except 
Dr. Carpenter, who must feel that the death of his friend Allen 
Thomson is the severance of another link connecting him with 
what was undoubtedly a brilliant epoch in the history of the 
Edinburgh medical school. 

In 1833 he travelled for nearly three months with his father on 
the Continent, visiting the principal medical schools in Holland, 
Germany, Italy, and France. It is very interesting to find, in his 
brief but carefully written Journal, that he saw and conversed 
with some of the most famous men of the period. Thus at Bonn 
he saw Treviiunus (the younger), BischofiT, Neumann, and Mayer. 
He visited an Insane institution at Sieburg under the care of a 
Dr. Jacobi, and was specially impressed l>y the amount of fi-eedom 
allowed to the patients ; but there are still indications of irrational 
pi-actice, as when he notes : — ** The wheeling chair i.s not often 
used." At Heidelberg he visited Tiedemann, and carefully 
inspected his museum. Here he also saw Naegele, celebrated in 
obstetrical practice. At Tubingen he saw Autenrieth, and at 
Freyburg, Leuckhart, so well-known frem his investigations into 

* See *• Life of Robert Knox, the Anatomist," by Henry Lons^lale, 1870, 
p. 202. 
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the history of intestinal worms. At Zurich he heard clinical 
lectures from Schonlein, one of the leaders in the German clinic. 
Here he also saw Oken, the leader of the school of what was then 
termed transcendental anatomy, and who disputed with Goethe the 
honour of being the discoverer of the vertebral construction of the 
skull Obliged to leave Germany on account of political feeluig, 
Oken had accepted the office of rector and of professor in the 
recently established University of Ztirich. At Parma we find 
him recording : — ** The University is in great part broken up, and 
about half of the building is occupied as a barracks for soldiers, in 
oi-der to repress the revolutionary spirit of the students." At 
Bologna, the birth-place of modem electrical science, the scene of 
Galvani's labours, we find him stating : — ** They have immense 
electrical and galvanic apparatus, also some electro-magnetic. The 
lecture room is a fine one, though for seeing the experiments the 
students are rather far oft! The University is at present in 
disgrace, and no lectures are allowed to be given in it except the 
experimental ones, or more particulai'lythe Anatomical, which could 
not bo removed to another place. The other professors are obliged 
to give their lectures at their own homes. Soldiers are placed at 
the door of the University." This gives one a glimpse of the state 
of matters whilst Italy was under the yoke of the Austrian, and it 
is a satisfaction to know that the Italians, in their present i-egime 
of political freedom, now contribute their fair share to all 
departments of scientific progress. During the homeward journey 
Allen Thomson and his father specially visited Lyons and Paris, 
but the j'ournals are not so full of detail regarding these places. 

During a part of 1837 he travelled on the Continent with the 
then Duke of Bedford, and in a journal he has left records chiefly 
of Paris. The Duke appears to have been an invalid, with a dash 
of hypochondriasis, and it must have been no easy matter to meet 
his whims and fancies. Judging also from the i*ecord of the 
treatment carefully recorded by Dr. Thomson, we cannot help 
thinking that the Duke might possibly have been in a better state of 
health had he received less opium, blue pill, and black draught, 
all of which, however, were given quite in accordance with the 
professional views of the period. It is more interesting to turn 
from the account of his noble patient to that of a visit made to a 
meeting of the Acaddmie des Sciences, where we are thrown in 
imagination into the society of the great scientific Frenchmen, not 
of the last generation but of the one immediately preceding it. 
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He writes : — " Went at ^ past 2 to a Meeting of the Academic 
des Sciences at the Institute. Heard several reports, and M. Biot 
made remarks on polarization, but did not hear him well. "M, 
Magendic showed a man who was under treatment for deaf and 
dumb a£fectiou by passing currents of electricity through the 
nerves and with considerable success. Mentioned several cases 
of amaurosis in which electricity has been beneficial. I saw the 
following men of note : — ^Arago, Gay Lussac, Dulong, Biot, Geoff. 
St. Hilaire, Isidore St. Hilaire, Becquerel, Magendio, Chevreul, 
Lassaigne, Audouin, Milne-Edwards, Savart, Floureiis, Dutrochet, 
Larrey, SevTes, Blainville, Breschet, Dumas, Dum6ril, Cagniard de la 
Tour, Payon, and others whose names I forget. Flourens presided, 
supported on the right by Arago, and on the left by Magendic and 
Becquerel. The whole seance was conducted with a great deal of 
philosophical propriety, wliilst it was business like." This was on 
the 18th of December, 1837, forty-seven years ago, and there still 
lives one of that distinguished gi*oup, the veteran chemist and 
physicist, Chevreul, now in his ninety-eighth year, whose thoughts 
are no doubt well expressed by the poet : — 

* * When I remember all 

The friends, so linked together, 
I've seen aronnd mc fall 
Like leaves in wintry weather ; 
I feel like one 
Who treads alone 
Some banquet hall deserted, 
Whose lights are fled, 
Whose garlands dead. 
And all but ho depai-tcd ! " * 

The year 1839 saw Allen Thomson appointed Professor of 
Anatomy in the Marischal College and University of Aberdeen ; 
but in 1841 he resigned that office, and again became a teacher of 
Anatomy in the extra-mural school in Edinburgh. In 1841 
Professor Alison resigned the Chair of Institutes of Medicine or 
Physiology in the University, and in 1842, after a severe contest 
with competitora no less formidable than Robei-t Knox, John 
Reid, and William B. Carpenter, Dr. Thomson was appointed his 
successor. At this period the patronage of the chairs lay in the 
hands of members of the Town Council, and if their appointments 
were on the whole very good, they gave occasion for making the 
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election to a chair in the University not unfrequently a party 
fight, in which the testimonial and private influence systems were 
carried to an extent almost unknown in our day. 

He held the chair in Edinburgh for six years, and during 
this time made several important contributions to the science 
of Embryology. These researches were more morphological than 
physiological ; that is, they had to do more with development 
of form than with development of function, and they clearly 
indicated that Dr. Thomsons mind inclined more to the ana- 
tomical than to the physiological side of biology. It was not 
.<;urpri8ing, therefore, that when an opportunity offered, he should 
return to his first love. Anatomy. This was accomplished by 
his appointment to the Chair of Anatomy in the University of 
Glasgow in 1848, when he succeeded Dr. James Jeffray. He 
had now the unique experience of having been a Professor in 
three out of the four Scottish Universities. This chair he held 
with gi-eat distinction for 29 years, resigning it in 1877, when 
he was succeeded by my distinguished colleague. Professor Cleland. 
During these years he was an indefatigable worker, not merely 
in connection with the immediate duties of his chair, but as 
a contributor to scientific literature. His early work brought 
him reputation as an embryologist, and he kept it up by many 
important papers on the same department of science. In addition, 
he wrote on physiological optics, more especially on the mechanism 
by which the eye accommodates or focusses itself for objects at 
different distances. He was one of the first also to bring under 
the notice of British physiologists the researches of the Webers 
on the tactile sensibility of the skin, and he wi*otc largely 
for the great anatomical and physiological cyclopaedia edited by 
Dr. Todd. His name ^vill also be long associated w^ith Quain's 
"System of Human ^Vnatomy." He was the principal editor of 
the descriptive part of the seventh and eighth editions. In the 
seventh edition he was associated with Professor Sharpey and 
Professor Cleland ; in the eighth with Professor Sharpey and 
Professor Schiifer ; and in the ninth and last with Professor 
Schafer and Professor Thane, both of University College, London. 
It is well known that Dr. Thomson, both with pen and pencil, 
made important additions to this great work. 

During his career Dr. Thomson received many scientific honours. 
He was elected a Fellow of the Royal Society of Edinburgh in 
1S38, and <»f the Royal Society of London in 1848, and after his 
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removal to London in 1877, he became first a councillor of the 
Royal Society, and ultimately one of the vice-presidents. He 
became a member of the Philosophical Society of Glasgow on 1st 
December, 1849, being recommended by Dr. Thomas Thomson, 
Dr. R. D. Thomson, and Dr. Andrew Buchanan, and ho was raised 
to the office of President in 1854. He also filled the office of 
President of the Medico-Chirurgical Society, and of the Science 
Lectures Association in Glasgow. In our city, also, he was the 
first President of the Local Branch of the British Metlical 
Association. He was for 18 years a member of the General 
Medical Council, where his ripe experience and calm judgment 
enabled him to do good service to the cause of medical education. 
In 1871 he was President of the Biological Section of the British 
Association at the meeting in Edinburgh; and in 187G the 
Association confen'ed on hiui its highest honour by electing him 
to the Presidential Chair. This he filled with much acceptance 
in 1877 at the meeting at Plymouth, when he delivered an able 
addi*ess on liis favourite subject, " The Development of the Forms 
of Natural Life." In 1871 Dr. Thomson received from Edin- 
burgh the degree of LLD. This degi*ee was also conferred by 
Glasgow University in 1877 : and in 1882 he received the degree 
of D.C.L. from the University of Oxford. Latterly, also, he was 
elected to at least one Syndicate of the University of Cambridge, 
to assist in the election of professors to biological chaii*s — a high 
mark of the confidence reposed in his judgment by the University. 
Whilst thus pursuing a scientific career. Dr. Allen Thomson was 
well known for many years as one of the most active and influential 
men in the city of Glasgow. He was always i^eady to aid in any 
good cause, and he took a prominent part in various great public 
undertakings. In particular, he acted as chairman of the Removal 
and Buildings Committee of the University of Glasgow from 1863 
to 1874, which led to the erection of the University Buildings on 
Gilmorehill, and it is not too much to say that the carrying out of 
this great scheme was largely due to his energy and tact, and to the 
confidence reposed in him, both by the merchants of Glasgow and 
by his colleagues in the Senatus. A full account of all matters 
relating to the Univereity of Glasgow New Buildings will be 
found in a ** Report by the Chairman of the University Removal 
Committee."* This report was written by Dr. Allen Thomson, and 
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was presented by him to the senate of the Univemty on his resigning 
the office of chairman of the Removal and Buildings Committee, 
which he had held since 1 863. It is to be regretted that Dr. Thomson 
and those consulting with him did not make sufficient allowance for 
the probable increase in the number of students, and that, there- 
fore, the class-rooms and laboratories are already too small. Still, 
we must recollect that it is easy to be wise after the event, and 
that at the time Dr. Thomson superintended the drawing of the 
plans there was no reasonable likelihooil the increase in students 
would be so great as it has proved to be, and we must, therefore, not 
be too critical reganling the proceedings of the man whose energy, 
influence, and tact, did much to get for Glasgow the splendid 
University Buildings she possesses. 

Keenly alive also to the interests of the medical school of the 
University, and to the growing needs of the west end of the city 
and suburbs, Dr. Thomson took an active part in the erection of 
the Western Infirmary. This noble institution is a model hospital, 
and during its earlier years Dr. Allen Thomson, as a member of 
the Board of Directora, assisted in making it what it is. The 
best evidence of this is the following extract from the Minutes of 
the Board of Managers of the Western Infirmary : — 

'*At Glasgow, and within the Secretary's Office, 11 Bothwell 
Street, the 25th day of March, 1884, at 10.15 a.m. 

'* Being a Meeting of the Board of Managers of the Glasgow 
Western Infirmary. 

*' Jame4 Hamilton', Esq., in the Chair. 

' * The Chairman also made fecUng reference to the death of Dr. Allen 
Thomson. Dr. Thomson had been one of the most zealous promoters of 
the scheme to establish the Western Infirmary. He was also a Member of 
the first Board of Managers, in which capacity he continued to act till 
November of 1876, when he removed to London. During this period Dr. 
Thomson's wide experience in Hospital Management, combined with his 
judicious and kindly manner in dealing with difiicult and sometimes 
deUcate questions, were of infinite value to the Institution. Though Dr. 
Tliomson had removed to London, he was always glad to hear of the pros- 
perity of the Infirmary, and he (the Chairman) believed he expressed the 
sentiments of every one present when he moved that a formal expression of 
their sympathy be scut to Mrs. Thomson and family. Mr. Hannay also 
referred to Dr. Thomson in similar terms, and the proposal was unanimously 
agreed to." 

It is well known that he was especially proud of having been 
connected with these two great undeHakings — the University 
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Buildings and the Western Infirmary — and it is not unlikely that 
their successful completion brought more happiness and solace to 
his mind than the reception of his numerous scientific honoui*s. 

It is somewhat difiicult to give a critical estimate of Dr. Thom- 
son's position as a man of science. As already stated, it was in 
the field of embryology that he won his laurels. His first paper on 
this subject was his Inaugural Dissertation or Thesis on taking the 
degree of Doctor of Medicine in the Univei'sity of Edinburgh in 
July, 1830, and is entitled, " On the Development of the Vascular 
System in the Fcetus of Vertebrated Animal&" It deals chiefly 
with an account of the early changes following impregnation, and 
is an excellent resume of the state of scientific opinion up to that 
date. The older authors were aware that ova were found in the 
oviduct and uterus, and that they were derived from the Graafian 
vesicle, but it was not until 1827 that Von Baer discovered the 
mammalian ovum in the Graafian vesicle of the dog. Previous to 
this time, Caspar Frederick Wolft', of St. Petersburg, in 1759, and 
Christian Pander, at Wurzburg, in 1817, had so far traced the 
development of organs ; but they were ignorant of the earlier 
changes, and we date the rise of modem embryology from the dis- 
covery of Von Baer in 1827. The germinal vesicle in the ovum 
of birds was discovered by Purkinje in 1825, in mammals by Coste 
in 1834, and by Wharton Jones about the same period, whilst 
the germinal spot was firet observed by Wagner in 1834. The 
division of the yolk after fecundation was first noticed in the 
ova of frogs by Provost and Dumas, and afterwards by Rusconi, 
Baumgaertner, and Von Baer, and more particularly described 
by the latter. Changes in the cells of the yolk, or of the portion 
of it now called the blastoderm or germinal membrane, were first 
studied by Schwann about 1835, and lie also made the important 
observation that the ovum itself is a cell. The division of these 
cells into two layers or laminae — the upper the serous, and the 
lower the mucous, now called respectively the epiblast and the 
hypoblast — was traced by Von Baer between 1833 and 1835. 
The next great steps were taken by Von Bischofi', who, between 
1842 and 1854, traced the development of the mammalia; and by 
Remak, whose works on the development of birds and batrachia 
appeared from 1850 to 1855.* 

* For an iutcresting historical account of these discoveries, see Allen 
Thomson's article, ** Embryology," in the ninth edition of the "Encyclo- 
ptodia Britannica." 
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Nowy it caiiiiot be said that Allen Thomson's name will be asso- 
ciated with any particular discoveiy in this department of science, 
but he did more than anyone between 1830 and 1850 to make the 
researches of the Germans familiar to his countrymen. Prior to 
1830 little was known of embryological science in this country, and 
even between 1830 and 1845 almost its only expositor was Allen 
Thomson.* But he was more than a mere expositor of the German 
writera. His papers abundantly show evidence of personal inves- 
tigation and critical inquiry. It was this that gave his writings 
permanent value, and constituted him an authority in one of the 
most difficult departments of science. He grasped firmly many of 
the problems of embryology, and he saw clearly that they were to 
be solved by patient inquiry into the development of all animal 
forms. Thus the comparative method had always great attractions 
for him, and it gave zest and breadth to his studies. This is evident 
in all his writings, more especially in the important articles he 
wrote for Todd's " Cyclopajdia of Anatomy and Physiology." 
Thus, so long ago as 1844, we find him alluded to in these terms 
in *' Wagner's Physiology" : — '*The best and most comprehensive 
view of the whole subject of generation, grounded on personal 
observation, which we possess is that by Dr. Allen Thomson, in 
his article 'Generation,' in Todd's 'Cyclopaedia of Anatomy and 
Physiology,' vol. ii."+ 

Throughout life he worked hard to keep pace with the rapid 
progress of embryological science, and no one rejoiced more at the 
attention given to it by a rising school of British embryologists, 
nor mourned more deeply over the sad death on the Alps of its 
leader, the late Francis M. Balfour, of Cambridge. 

It would serve no useful pui'pose to enter into a critical estimate 
of all his writings, a list of which I append to tliis account of his life. 
In his embryological papera he traced chiefly the development of 
organs, more especially those of the circulation and of the genito- 
urinary system ; and, as he was an able draughtsman, he has stereo- 
typed his conceptions in diagrams, still met with in almost every 
text-book of anatomy and physiology. Probably the most important 
of his other writings are those on the mechanism of accommodation 



* Other two workers in this lield ought to be mentioned — Martin Barry 
and T. Wharton Jones. 

t '* Wagner's Elements of Physiology," translated by Robert Willis. 
Loudon, 1844. 



Jfpwoir of Dr. Allev Thomson. 113 

of the eye, in whicli there is a great store of information as to the 
opinions of the older authors on this subject, and in which he makes 
a critical examination of the views of Cramer, Bonders, and Helm- 
holtz. He repeated many of the experiments of these distinguished 
observers, and corroborated their results. All his writings were 
characterised more by fulness of knowledge, clearness of statement, 
and soundness of judgment than by originality. The only weak 
feature of his mental development was an excess of caution in 
coming to a conclusion. This prevented him from making any 
broad generalisation with which his name will be associated. 

Allen Thomson took a deep interest in many departments of 
science. Ho was not a specialist, as some suppose. He was a 
naturalist in the truest and best sense, and in a sense not under- 
stood so well in these days, when the very extent of knowledge 
sometimes seems to force men to become narrow and contracted 
in their views of the universe. Hence, he entered wannly into 
all scientific questions, and long he pondered on some of the 
problems towards the solution of which all science is tendins;. 
He might well say with Wordsworth : - 

**ror I have learned 
To look on Nature, not as in the hour 
Of thoughtless youth ; but hearing oftentiinca 
The still, sad music of humanity, 
Nor harsh nor grating, though of ample power 
To chasten and subdue. And I have felt 
A presence that disturbs me with the joy 
Of elevated thoughts ; a sense sublime 
Of something far more deeply interfused, 
Whose dwelling is the light of setting suns, 
And the round ocean, and the living air. 
And the blue sky, and in the mind of men : 
A motion and a spirit, that impels 
All thinking things, all objects of all thought. 
And rolls through all things/'* 

He was a ready listener, and he was always delighted to hear 
an account of a new investigation. Eager in the pm-suit of truth 
himself, he above all things demandcnl accm-acy, and sometimes he 
was apt to disconcei-t a beginner by doubting some of the alleged 
facts, or by offering arguments against the view j)laced before him. 
Ho was critical in all such questions, and it required a great deal 



"" Lines composed a few miles above Tintern Abbey, on revisiting the 
banks of the Wye during a tour. — William Wordsworth, 
Vol. XV. ii 
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of fact and ftrgumeiit to lead him to a change of scientific opinion. 
Yet hifl mind was open and receptive, and he did not shiink from 
a change of view, although it went against his preconceived notions. 
As an example of this I may mention his geneml acceptance of 
the important generalisations of Darwin. 

His own writings are models of clearness of statement and skilful 
marshalling of facts — indeed, to such an extent are these qualities 
developed as to give an unnecessary baldness to some of his papers. 
Dr. Thomson's mode of teaching was of the same character. 
Method, order, precision of statement, close i*easoning, shone in 
every lecture, and there was also the iK^i^suasive eloquence of a 
quiet enthusiasm which captivated the listener. This was notice- 
able even in m popular lecture, as, for example, in the lectui-e on 
the brain ho delivei'ed some yeai*s ago in Glasgow before the 
Science Lectures Association, where the stately march of his sen- 
tences indicates a style as different as can be from the colloquial 
method of the common popular lecture. 

He wrts wise in council, and his long experience, conveyed in a 
(piiet, i)ersuasive tone of voice, oft^n cut the knot in troublesome 
questions. He had a strong faith in delay in coming to a decision on 
disputed points if the decision was likely to cause rancour and ill- 
feeling; and if this temporising spirit sometimes led to further difh- 
culties and complications, it as often turned away wrath, and gave 
men time to consider the question more fully. He was tinis a peace- 
maker, wliilst at the same time, by patience and ttict, he frequently 
was able to carry out ])reci8ely the policy on which his heart was 
set. h\ the social cii'cle there was much gentleness and simplicity 
of manner, along with a keen sense of humour. It would be 
impertinent to say anything more of his domestic life than that it 
was characterised by a quiet kindlinass, and that chivalrous 
attention to little details of i>ei'sonal courtesy which mark the 
true gentleman. His qualities of head and heart, however, do not 
require to be set forth. One can never forget the kindly courtesy, 
the simplicity of addi*ess, the* indescribable chann of his manner, 
the wanntli of his friendship. I saw him a few weeks before his 
death, and it was touching to Hud the aged anatomist paying the 
penalty of his knowledge by l>eing able to trace the neuralgic 
[)ains from which he suffered, along the nerves, whose course he 
well knew. He was then hopeful, and his natural cheerfulness 
was unabated. It is difficult to imagme that the bright^ keen 
intelligence, so alive to all that pei*tains to progress in knowledge. 
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and to tlu? welfare of humanity, is now })eyoncl us ; but 
his memory will long remain in Glasgow, and in the hearts of 
thousands of his pupils. He died full of yoara and of honour ; 
and it is a satisfaction to think that, after a long and busy life, 
he had a few years of peaceful retirement, listening to the 
innocent prattle of his grandchildren, and enjoying in London 
the society of kindi*ed scientific spirits. 

Dr. Thomson left a widow, the daughter of Mr. Ninian Hill, 
Writer to the Signet, Edinburgh, and an only son, Mr. John Millar 
Thomson, Lecturer on Chemistry in King's College, London, and 
one of the Secretaries to the Chemical Society. On his retirement 
in 1877, his portrait, painted by the late Sir Daniel !Macnee, was 
l)resented to the University, and now hangs in the Hunterian 
Museum. Although wanting the classical refinement of expression 
characteristic of Dr. Allen Thomson, it is on the whole a gootl 
likeness, and will hand down the well-known form and features 
to future generations.* 

In one of his last visits to Glasgow he wrote in an album a few 
well-known lines which, I think, so fully represent his philosophy 
and give us the secret of his successful and happy life, that I shall 
quote them in bidding our friend farewell. 

" It's no in titles nor in nmk ; 
It's no in wealth like Lon'on hank, 

To purchase peace and rest ; 
It's no in makin* muckle mair : 
It's no in lx>oks, it's no in lear, 

To make us truly blest : 
If happines.^ hac not her seat 

And centre in the breast. 
We may be wise, «»r rich, i»r .^nat. 

But never can l>e l>l«'st.'" 

.loiix G. M*Kendrkk. 



*An account of his last illness is given in the " lancet'' of ]2tli April, 
]884. 
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LIST OF ALLEN THOMSON'S WRITINGS. 

1. On the Development of the Vascular System in the Foetus of Vertebrate 
Animals. Graduation Thesin. Rdinborgh New Philosophical Journal, 
Vol. ix., 1830, p. 295, and Vol. x., p. 88, and p. 251. Abstract in Edin- 
burgh Medical Journal, VoL xxxvL, 1831, p. 209. 

2. A Probationai-y Essay on the Formation of New Blood Vessels, on the 
occasion of l>ecoming F.R.C.S.E., in 1832. 

3. Accounts of some New Experiments on the Sensibility of the Skin, by 
Dr. Weber, Professor of Anatomy at Leipsig. Edinburgh Medical Journal, 
Vol. xl., 1833, p. 83. 

4. Contributions to the History of the Structure of the Human Ovum and 
Embryo before the third week after conception, with a description of some 
early Ova. Edinburgh Medical and Surgical Journal, Vol. lii., 1839. p. 
119. 

.1. On the origin of Double Monsters. Edinburgh Monthly Journal of 
Medical Science, 1844. 

6. A description of congenital malformation of the auiicle and external 
meatus of both sides in three persons, with experiments on the state of hearing 
in them, and remarks on the mode of hearing by conduction through the 
hard parts of the head in general. Proceedings of Royal Society of Eilin- 
burgh, 1845. 

7. On the Co-existence of Ovigerous and Spermatic Capsules on the same 
individuals of the Hydra Viridis. Edinburgh New Philosophical Journal, 
Vol. xlii., 1846-7, p. 281. 

8. Outlines of Physiology, for the use of students. 12mo, pp. 308. 1848. 

9. On the structure of the Glands of the Alimentary Canal. Annals of 
Anatomy and Physiology, by John Goodsir, p. 33. 1850. 

10. Notice of the Dissection of a case of Lateral Transplantation of the 
Viscera of the Thorax and Abdomen in a man. Glasgow Medical Journal, 
Vol. i., 1854, p. 216. 

U. Remarks on the Comparison of the Ovarian Ovum of Birds and 
Mammiferous Animals. Edinburgh Monthly Journal of Medical Science, 
1855, p. 97. 

12. Notice of recent Researches on the origin of Entozoa, more especially 
of Tape Worms. Glasgow Medical Journal, Vol. iii., 1856. p. 178. 

13. On the formation and structure of the Spermatozoa in Ascaris 
mystax. Reports of British Association, 1855, p. 138. 

14. On the Brain of Troglodytes niger. Reports of British Association, 
1855, p. 139. 

15. Contributions to the History of Fecundation in different Animals. 
Reports of British Association, 1855, p. 139. 

16. On unusual Mobility of the Iris, his own case, by John Paxton, M.D., 
Kilmarnock, with remarks by Dr. Allen Thomson, in a letter to the Editor. 
Glasgow Medical Journal, Vol, iv., 1857, p. 451. 
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17. Further remarks ou Dr. Paxtou's case, with observatioim on the 
Structure and Action of the Parts concerned iii the Focal Adjustment of 
the Eye. Glasgow Medical Journal, Vol. iv., 1857, p. 45G. 

18. On the Phenomena and Mcchauisiii of the Focal Adjustment of the 
Eye to Distinct Vision at different distances. Glasgow Medical Journal, 
Vol. v., 1858, p. 50. 

19. Notice of the case of Mons. E. Groux, in which a congenital fissure of 
the Sternum exposes partially to observation some of the movements of the 
organs of the circulation. Glasgow Medical Journal, Vol. vi., 1859, 
p. 48. 

20. Biographical Account of his Father, Dr. John Thomson, prefixed to 
the Second Edition of John Thomson's Life of William CuUeu, Edinburgh, 
1859 (the First Edition of Thomson's Life of Cullcn was published in 1832); 
here also is a short Biography of his brother Dr. William Thomson, 
Professor of Medicine in Glasgow. 

21. On the Spinal Cord and Nerves. Proceedings of Philosophical Society 
of Glasgow, 1860. 

22. Description of the Dissection of a case of Right Aortic Arch, with 
Remarks on this and allied Malformations. Glasgow Medical Journal, 
Vol. xi., 1863, p. 1. 

23. On the Difference in the Mode of Ossification of the First and other 
Metacarpal and Metatai'sal Bones. Journal of Anatomy and Physiology, 
Vol. iii., 1869, p. 131. An Abstract of this Paper appeared in the 
Glasgow Medical Journal, Vol. i.. New Series, 1869, p. 202. 

24. Address to the Biological Section of the British Association, 1871. 

25. Address as President of the British Association — Report of Forty- 
seventh Meeting — Plymouth Meeting— 1878, p. 68. 

26. Contributions to Todd's Cycloptudia of Anatomy and Physiology. 
Vol. i.. Circulation, 1835-1836. Vol. ii., (feneration, 1836-1839. Supple- 
mentary Volimie, Ovum, 1859. 

27. Seventh Edition of Quain's Anatomy, along with Professor Sharpey 
and Professor Cleland, 1867. 

28. Eighth Edition of Qaain's Anatomy, along with Professor Sharpey 
and Mr. E. A. Schiifer, 1876. 

29. Ninth Edition of Quain's Anatomy, along with Professor E. A. Sch&fer 
and Professor G. D. Thane, 1882. The portion on Embryology, Vol. ii., 
pp. 731-911, wholly written by Dr. Thomson. 

30. Report by the Chairman of the University Removal Committee- 
University of Glasgow New Buildings, (Glasgow, 1877. 

31. Article " Embryology," in Ninth Edition of Encyclopanlia Britannica, 
1878. 

32. Article "Ovum,'* in Ninth Edition of Encyclopa'dia Britannica, 1884. 
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Class or ** students' *' inicroscoi>es are necessar)' for at loa»t teachiu^ 
purposesw On the whole, those made by the Wst English makers 
are now better and cheaper than Continental iiistTument& When 
it can possibly l>e atfordetl. an English skeleton microscope, on the 
American (Jackson-Zentmayer) model, shoidd be got by students 
and others. These microscopes are not very costly, and if made 
in qnantity. ami of a fi.xed standard size, could be sold at a much 
lower rate. They take both English and Continental accessories, 
unlike the microscoj^es of Continental makers. As they are made 
to allow instant n-nioval and replacement of stage and sub-stage, 
they can be bought with any form of plain stage, and without 
sub-stage, or with a sub-stage to carrj* an improvised condenser. 
This allows of the subsequent addition of the very liest mechanical 
and other stages, and of all sul>stage apparatus. They have the 
swinging sub-stage, which has many advantages, and enables one 
at least to jiostpone the purchase of certain expensive articles. 
As to objectives, English dry objectives are now often cheaper 
than those of the l>est foreign houses, and they ai*e made in much 
greater variety. The same remarks apply to oil immersions, with 
the addition that those of Powell and Lealand are certainly sui>e- 
rior to anv vet made on the Continent. The Eii'jlish and American 
oil immersions have the highest apertui-cs, and are theivfore to he 
preferred, for we have not settled u])ou the apertures best for our 
work, and a high aj>erture can at any tiiiv* be cut down by a tem- 
porary yxwterior diaphragm, while a low aperture cannot be raisetl. 
The superiority of the workmanship laid out upon English first- 
class microscopes is beyond doubt. In no case is it a good invest- 
ment to buy a foreign first-class instiniment, and in most cases a 
first-class English "skeleton*' microscoi>e should be got, in prefer- 
ence to a third-class niicroscojK'j either English or foreign. 
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XIV. — Oil some of the chip/ /eat ures of the Phiinical Geography^ 
inchidiiKj the Geoloyy, of China, and the heaHiiy thereof on 
the future of tliat Umpire. By Rev. Alexander Williamson, 
B.A., IjL.D., GLus., Author of "Journeys in North Chin«," 



[Head before the Society, oth Mareli, 18.S4.) 



China proper extends from about lat. 20" N. to hit. 42** N., and 
from long. 102^ E. to long. 124"* E., or about 1,47 1 miles north and 
south, and 1,355 miles across, forming a compact block of country 
with a coast line of 2,500 miles, and including the islands of Formosa 
and Hainan, comprising 1,539,930 square miles. If we add to this 
the dependencies of China we have an area of country compiising 
4,561,525 square miles, or more than one hundred and fifty times 
larger than broad Scotland with her 186 islands combined. 

To treat the Physical Geography of such a countiy within the 
compass of an hour is not an easy task. It is like trying to pack 
Ben Lomond into a snuff-box, or some such feat. Still, by care 
and condensation, I hope to give you some little idea of the country, 
and may ])erhaps start topics of interest which you may pui*sue in 
your private studies. 

One of the first things which strikes an observer acquainted 
with both countiies, when he enters on a consideration of the 
Physical Geography of C-hina, is the i-esemblance which that Empire 
beai-s to the north-easteni portion of the Continent of America. 
Both lie on the eastern side of a great continent, in both the chief 
mountain rangers run N.E. by S.W.; both have a gulf stream 
flowing northward pai'allel to their coasts, which in neither ctuie, 
however, affects the climate; both are powei-fully affected by the 
influence of the arctic regions; both have a very cold winter, with 
an equally hot summer ; the minerals of each ai*e alike, so also is 
the produce of the fields and orchards: for they have each exchanged 
cereals juid fruits with mutual advantage. In fact, the contour of 
tlii* country- hills, rocks, luvines, juid streams, the wax ing cro\\s. 




itkf laden oivhanlis tho dry biiiciug air — are so alike, that, were it 
iii»t for tlu» huiiiau surrouiuliiigs, a visitor from Maine or Massachu- 
»tt* ixnilil luuxUy boliove that he had left his native ooantiy. And if 
^t? extend our observations to Canada, tlie reseuiblanoe not only 
oontiiiues, but is heighteneil Like the Anioor. the Sl Lawrence 
pursnt^ a N.K ciuirst* befort* it falls into tlie sea: Kamschatka 
refvresents Labrailor ; Saghalien, IViutv Edward Island : and Corca, 
Though uiuoh further ^outh, and with a much more salabfioos 
oiimate, nmv U* likemnl to Nova Sxnia. The creat mountain 
nuurets of l^hiua may be connKHtxl. in direction and character and 
height^ with the AUegluuiies of the r.5\A-. and the Watchish 
siKxmtain^ of Labrador: and as iho Api^alachian ranges have 
tirT^nuiue^l the outline of Eastern Americ;!, m.^ the ranges of 
wLi.b we >|vak have detenuiiusl the eastern coast of China. The 
(iftrallels of latitude of the great citit'* iv. a measure corretspcmd, 
tiyc^h the Chiuesso are somewhat more northerly tiiau the U.S. A.. 
f./., Moukdfu 4'J- N.» Bixston 40\ IVkinsi 4i»' N., Waslungton 3*^ , 
S^jl^Lai ;^- N., New i>rleaus CU'fc , Ui: Chiiui reaches much further 
ioaihk iLan tLe r.5\A., by alH>ut ten difgrees. 

Tbe ne:it marke^l tV*Htur\' in the (^ysicU structure of China is 
\hff sy-sitrui v»f ]virallelism« which jux'vaiU in a very s{.vciai manner. 
F'JL:u:z^>fay was the tirsc to (vint this out. He showed that a 
KHii^hc line drawn through the longer axis of the Oulf of Fechili 
suui pn.uoiiged ;souch-wesc wo^vKl l-e found to coincide with the 
centre oc* the iVita riifciu iu ^>hautuug. the low lands in the wcemn 
porti«>Q of Huua!L luid Uupeh« and the valley of the river Yantf^se 
Kian^ ds iz dow^ thrv^ugh ^-Chweuaud Yuuu.au : al*** it extended 
Tiurtu-easc. wi.'ukl tollow the ^allev of the Liao river iu Mjkuchurta 
and the •.•evi of the lo^cr Auio*.»r ri\er op :o the Atvcic Region;;^ 
With this as a ccucral liue, uuuor line's ovuucid^*- 1 1 ) Vhx the west 
we ba%e one coumeucLug ease of Kalgau and pr^veeuiug down 
through the centre of 5>hau-si and the \alley of Chiug-too in Ss- 
L'hweu . and tiirtber west wv have the plain vx»muieuciug on the east 
of :iie L>rtoos comitry and exteuiliug chivugh a ^vrtiou of ShensK 
and part oi Kau-suIi. Again ; '1 \ ou cho v%ist >iJe of this line we have 
the lame pecuiiaritii.'s. Hcte we tind the vx»al basins of Hunan, 
die Tunj;-tiiisi lake, the valleys of ^jevt^ral tm(.vrtaut rivers such 
as the Yuen and the Us — the low lain.L> aivuud Hankow, and. the 
▼alley of the Knau in the province of N^aii-Whui. Further ease 
have another ijcreat ?>asiu, parallel lo the oilici-s, viz. :--chiic 
itf tnunu 111 lvi;aig-*j. the cai>Lcni hiili ot Njjyiii-%Vhui, ;uid 
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the coal-iielclb of Chili-Kiaiig and Kuiug-soo. Thu beuic marked 
features prevail outside of China in the Chinese seas, where we 
have the basin extending between the mainland and Formosa, up 
in the centre of the sea, boimded on the east by the inlands of 
Japan, the Kurile Islands, and the Aleutian Islands. 

While these basins and mountain lunges arc thus very clearly 
indicated, we have another set of elevations, trending east and 
west ; and to them is due not a little of the beneGcial configuratiqn 
of the Empire. The most northern of these iises on the plateau of 
Central Asia, or rather appeal's to be a continuation of the Kwen- 
lun mountains, and proceeds eastwaixl, dividing into two marked 
i*anges, tlie northerly passing through the south of Shen-si and 
Honan, and reappearing in the centre of Shantung. This range 
is called the Foo-niou-shan, and consists of a series of jiarallel 
mountains, ranging from 4,000 to 5,000 feet above sea-level, and 
consisting chiefly of metamorphic formations and granite. The 
other range, diverging southwards, then ninning nearly parallel 
to the former, is called the Tsing-ling-shan. The summits rise 
from 5,000 to 11,000 feet above the level of the sea. This range 
is distinguished by (embracing live parallel belts of diverse charac- 
ter; the fii*st, a granite belt, the peaks of which rise very high, 
covered with trees on its northern slopes ; the second consists of 
very ancient gi'een schists overlaid by silurian strata, the same 
schists as those found on the Wu-tai-shan in Shan-si ; the third belt 
is made up for the most part of limestone; the fourth consists of 
limestone now changed into marble, and intersperseil by masses of 
granite; while the fifth belt is composed chiefly of silurian strata 
intei*spersed by small granite veins, and converted into mica-schist, 
gneiss, marble, and quartzite.* 

The other great range lying east and west, which also is a 
projection from the table-land of Central Asia — or luther, as I 
think, a continuation of the Himalaya mountains — runs through 
on the south of Sz-Chwen, the centre of Kwhei-chow, and con- 
tinues on the north of Kwang-si and Kwang-tung to the seju 
These huge east and west spurs, all sloping towards the sea, 
first of all give the preponderating eastwardly direction to all 
the great rivei-s of China. But, secondly, they do more ; they 
wonderfully tend to distribute the rain-fall, for they origiaiate 



" Sec Baron von Kichtofcn's letters iu the Shanghai C'liaiiil)er of 
Commerce. 
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miiiierous .streauis and rivei-s of gi*eater or lesser voIuuk', which 
flow, in the main, nortli and south, while the other ranges give 
oft' rivers with a north-west and south-east flow, and thus serve to 
water the country plentifvdly in all directions. 

The Physical Geography of Southern China and the Indo-Chinese 
Peninsula harmonize wuth the foregoing views. The greatest 
authority on this matter, Richtofen, infonns us that the province 
of Yunnan (ronsists of a plateau averaging between 5,000 and 
6,000 feet above the level of the sea, and projects spur-like in a 
south-westerly direction. From Yunnan the elongatinl ndges of 
the Indo-Cliinese Peninsula — the lands of Burmah, Siam, Cochin 
Cliina, and the 81ian count ly — stretch southward as the flngci-s 
from the palm of the hand ; and from this region Ave mighty livei-s 
escape, viz.: — (1) the Yang-tse Kiang, taking a north-easterly 
course; (2) the Salween, flowing south and west, and debouching 
at Maulmein; (3) the Mekong, also wending south, and reaching 
the Chinese sea on east coast near Saigon; (4) the Si-Kiang, 
originating near the capital of Yunnan, flowing nearly due east to 
Canton; (i)) while the fifth, the Song Koi or Retl river, flows south- 
east to Hanoi and the gidf of Tong King. 

From what I have said you will pei'ceive that the greater portion 
of the surface of China is remarkably divei-sifled; and, excepting 
poi'tions of the alluvial plain, the traveller is never very far from 
some mountain i*ange or other, thus possessing hill and dale and 
stream and lake, imparting fei-tility, health, variety, and l>eauty to 
the country. Every here and there, especially in north and west 
of China, you have glimpses of beautiful scenery, reminding you of 
parts of the south of England, and even of the glens of Scotland, 
suggesting those matchless lines— 

** Whyles owcr a liuu the buruio plays, 
Or through a glen it wimpl't; 
Whyles rouud a rocky scaur it strays, 

\Vhylc» in a weil it dimprt — 
Whyles glittered to tlie iiiiglity rays 

Wi' bickerin, daiiciug, doz/.ie; 
Whyles cookit mulenieath the braes 
Below tlie hpreading hiizel;*' &e., &c. 

And the *• whirr of the pheasant, the eiy of the partridge, the 
erect eai-s of the timid hare, the bushy tail of the fox, the flight 
of the deer heighten tlie enchantment, while the glare of the wolf, 
the growl of the bear, or foot-prints of the tiger tell u.^ we :ii*e tar 
from boiiiiio Seutlaud. 
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Means of Intekcommunjcation. 

(1) IVie WaUnrai/fi. — The great rivers of C-liiua are three in 
number. The lii-st in every respect is the Vaiig-tse Kiaiig. This 
gi'and river rises about lat. 35' N., long. 9(»' E., on the southern 
slopes of the Kweu-ltui mountains, and runs hi that great vaUey, 
or i*ather "depression'' (for it is full of mountains), whieh lies 
1>etwceu these mountains and the Himalayas, then it tunis soutli- 
ward through Tibet till it reaches Sz-C^hwen, when it takes a 
ifeorthwai'd course, and then llows, as a rule, north-easterly to the 
sea. It has a course of not Ie>sS than li.O^^ miles, and drains an 
area bf 650,000 square miles, or three times the area of France. 
This great river is navigable for the largest stcamci-s to IFankow, 
GOO miles from the sea — foi- smaller steamers to 1 -Chang, 400 miles 
farther from the sea. Here begin those tremendous gorges and 
rapids, three in number, IG, 32, and G2 miles respectively from 
I-Chang, which are so famous — but which would atibrd no great 
impediment to stern-wheel steamers made for the purpose — and in 
this case steaui communication could proceed as far as Chung-King 
Foo, 1,3C4 miles from the sea. Beyond this the river continues 
deep and navigable, and counnunication by steam launclics could b(? 
carried on from 300 to 400 miles farther inland. NatiN e boats go 
easily at all seasons as far as Ping-Shan-Hien, say lat. 27*^ N., and 
long. 104"* E., or 400 miles above Chung-King. Here you meet rapids 
so strong that few boats can overcome' them ; but by changing into 
smaller boats, or taking a short land jourmjy, you can have wati'r 
communication much farther into the; interior. 

One of the most important feat ures of this great river is the 
number of large navigable afHuents which emerge from tlie country 
in all directions, and so give a most marvellous facility for inter- 
communication. To mention oidy the chief. On the right bank, 
proceeding seawards, you have the Kien-Kiang, which is navigable 
1 70 miles, and communicates with the aipital and province of Kwci- 
Chow, and enters at the city of Foo-Chow; the Yuen-Kiang, which 
flows through the east of Humui, enters the Tung-Ting lake, and 
then commuiiicates with the Yang-tse-Kiang : the third is the 
8iaug-Kiang, the head waters of which mingle with the hetul 
waters of the Si-Kiang, which flows to Canton; then we havt^ 
the Lei-Kiang, a branch of the former, also communicating with 
tin; south and Canton by the Che-ling pass ; the Kan-Kiang, 
which aj)proaclios the Me-Iing jniss, and which, flowing thnmgh 
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l\ui |>i'oviuco uf Kiang-si, empties into the Po-yang lake, and thus 
yAim i\\v Yang-Uio Kiang at Kiu-Kiang; and, lastly, the Whang- 
I'oii, whicli, cominunicating with the Tai-hoo lake, joins the Yang- 
Uw Kiiing, cla Hhanghai, at Woo-sung. On the loft bank we have 
t\m*M largo rivcrH, which afford water comniunication in all 
dinfciioiiM through the Hplendid province of Sz-chwen, viz.: — the 
Mill Kiiih^, thr To- Kiang, or Foo-Sung-Kiang, and tlie Eia-long- 
Kiaii((, or ThIdu- Kiang, which join the Yiuig-tse at the emporiums 
M«wM'how foo, L(M)('how, and Chung-King-foo respectively; then 
w<' littvi* iliiit inohi important river the Han-Kiang, which enters 
fiit; Vuiig iMi^ Kiang lit. Hankow or mouth of the Han, and which 
(/iv<'») iin waUir(!oiiiinuniniti()n through Ilupeh, and into Shensi and 
ih*t north wunt provincMm; and much further oast we have the Grand 
I'aniil III i'\\\\\ Kiang, which gives us a waterway through three 
priivini'f», vi/. : Kiang koo, Shiuitung, Ohih-li, and on to Peking. 
Tim Yung thi» Kiang diKcliargt»K, on an average, 770,000 cubic feet 
III' uiiirr \\vv htuMind, or an annual average of sediment to the 
aiiiuitnl til' 0, l'J8,8ft8/j:>:» r\d»io ftH>t, or ahnost 200 cubic feet of 
Miil por Nooond.^ 

Till' M'lHuid in tlio Vollow river. This river rises in a ver}' 
intt'it^ting ivgion. Tin' dunoso call it ^* the star and constellation 
lakts'fi'tuu tho innumomblo fountains, givat tuid small, which babble 
up» h|mrklo into light, and togi»thor form tho origin of the Yellow 
ri>er -which of ixnu^^o moans that« liko tho l^ualaUi in Africa, it 
h{»N its mhuw in a laou>trino district* This district lies about lat 
*U* N., Ions;. l*S' lv» and is on iho northern s1v>|k^n of the Kwen-lun, 
A> I ill' mhhw of the Vang-ist^ Ki^ng is on tho Mnithorn. The course 
ixf aii* rivvr is nn>t north oasu thou it maki'si a hugt* Wnd, flows 
s«iHi:liwv>c down fho no\i |>;%mllol till it cxmuvs to Houan« when it 
i*k«c> Aii t\A>torlY dinvtion. I havo ci>>smsI it at many points, 
ju;\i ki'A « ;: >»t'lL h is a i(UitAli£inv: vixor in aluu^t overv view 
oi :: - 4k\ >v>uu' pU»»s fulU xuvp, and i^^pid, at otluT pUici^s broad. 
ilwLlo^r, sl-^u^iih* And tuil of siUuUvuiks . at siuuo p;a^\^ navigable 
foe ^\>ii-ii«v^ Uva;** a: other* ^mlv \\x wv mft.v Simv kc. 600 it 
luk$^ riC!Jt:vc*vt i"* l^'w<*r ^vur^* no fx^v^or than uiux^ tiuu'* ox-or four 
*ky:r\\> :i *.A-*::uvu-. At pn^^wxt it dvKHiohifrN ^t tho U\xrth-wesi 
^"WTii^c xi >ijt:.v.'.v.j:. w % p'ji.v \^%lK\i INohmun-Koxx, aiul is navi- 
ijfc'ivr f:c «!•**".. >:»fu»uiors iwm ;ho luouth up to lVi-iMUi-fxx\ iho 
^ofcjrt-Al :£ ^ht vcv^xv.',>>\ Ai.d !\ v n*\ >0 or Ov^ uulos U\v\xi;d. Tho 
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mouth has recently l>eon di-edged, and at low-wat(»r lias ton f<H't 
on the bar. All tlic heavy machinery for the Sliantung araeiml 
vras brought up on it. 

It has a course of 2,600 miles, though only 1,200 in an air line, 
and is subject to tremendous floods, ao that it is called by tlio 
natives "China's Soitow." Sir (I. Staunton estimated the sedi- 
ment at 17,520,000,000 cubic feet |>cr annum. Mr. KingsnuU 
gives three-fourths of this, but I tliink the quantity is much less 
than even that — not much over one-half. 

The third great river is the Si-Kiang or West river, whicli rises 
in Yunnan, flows eastward, and debouches at Canton. The lirst 
130 miles from the sea it has 15 feet of water; 7") miles farther 
to Woochow it is flt foi* light craft, and altogether it is navigabh* 
for 600 miles by good-sized boats. Owing to its greater vohmie 
of water and gi'eater freedom from pirates, it will always compete 
with the Song-Koi or Red river, which passes through Tong-king, 
in regard to the commerce of that rich proWnce. It has two 
important affluents, both on its left bank — viz., one which flow.« 
from Kwe-lin-foo, at the north-east corner of Kwang-si, where 
its waters connect with tlie head waters of the Siang-Kiang men- 
tioned above, and so provides uninterrupted water carriage between 
the whole of the north and south of China — a fact, the economical 
importance of which cannot be over-estimated. The second is 
the Po-Kiang or Noith river, which Ls deep, and navigable for 
steamei*s to Shoo-chong, at whicli j^lac(j it bifui'cates, one affluent 
flowing north-west, and reaching the Che-ling Pass, which is only 
about 1,000 feet above the sea, and where there is only 30 miles 
of porterage between it and another tributary, which also enters 
the Siang-Kiang, and so this river proWdes a second water rout^* 
to the north, via the Tung-Ting lake. The other bmnch flows 
north-east, and proceeds to the foot of the Mei-ling Pass, on the 
other side of which there is the Kan-Kiaug, which flows into the 
Po-Yang lake, thence into the Yang-tse Kiang, and north. This 
Pass is famous as that through which Lord Amlicrst's Embassy 
passed on its way to Peking. There are thus three communications 
between North and South China — one navigable throughout. 

Then wo have the Pei-ho or Tien-tsin river, of no slight im- 
portance, impinging on the Grand Canal, and approaching Peking, 
and carrying on an average 7*755 cubic inches water per second, 
and about 80,000,000 cubic feet of soil annually into the .sea. 
Also the Yaloo-Kiang, which flows between Manchuria and Corea, 
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which, with its nmgnificent tinil>er, coal formations, and 'won ore, 
promises to l)e the Tyne or tlie Clyde of China. We have also in- 
numei'able rivera and streams on tlio eastern coast, some — like the 
Min or Foochow river — of considerable commercial importance ; 
and others of lesser value, rising on tlie sides of tlie eastern ranges, 
and flowing into Formosa Channel and China Seas. 

In addition to these rivers, we have in Manchuria the Liau-ho, 
which flows through a large portion of Central Manchuria, the Huh- 
loong-Kiang and Usuri, which drain Northern Manchuria and enter 
that great river the Amoor, which debouches in the Northern 
Hea. 

The gi'eat plains of India not only receive the rain-fall on the 
southern slopes of the Himalayas, gathered and distributed by 
that great river the Ganges, but also, by a very striking arrange- 
ment, the rain-fall and melted snows.of the northern slopes. The 
great river which gives its name to the whole country, the Indus, 
takes its origin on the northern side, flows lirst westward, and 
afterwards, by a most unexpected cleavage in the ]*ocks, passes 
through that high precipitous and magnificent range, and poui-s 
its waters over North-westeni India. In like manner, the Brahma- 
pootra issues not far from the source of the Indus, but flows 
eastward, then south-east, likewise passes through gorges in the 
Himalayas, and provides for the fertility and water carriage of the 
North-eastern Provinces. So, also, with the chief rivers of China. 
As we have seen, the Yang-tse Kiang rises on the southern side of 
the second great range of Asia, viz., the Kwen-lun mountains — ^not 
much behind the Himalayas in rugged grandeur — while the Yellow 
river takes its departure from the northern slopes, and thus the 
entire rain-fall of this immense range is most eflectually utilized for 
the benefit of China. We all know about the grandeur of the rifts 
through which the Indus dashes in it>s beneficent course. The 
rents in the mountain range through which the Yang-tse Kiang 
passes are grander still. The vertical continuous trench is com- 
monly from 2,oOO to 4,000 feet above the level of the river, some- 
times 6,000. 

Without these Titanic rifts — at the precise place and direction in 
the mountain range on the North of India — Bombay and North-east 
India would have l)een complete deserts. So, in like manner, with- 
out this uninterruj)ted cleavage in Sz-Chwen, starting at the i>ar- 
ticular point and continuing uninterrupted, there would have been 
no Yang-tse Kiang. Without the Yang-tse Kiang there would 
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liav(v been no ( -liiim a.s we have it. Oall tli(*.se things the freaks of 
uatuixj if you pleas<». I call them the pi-escient acts of a beneficent 
Oeator making provision for the gi'eat empires of tlie east. »St. 
Rollox stalk is 435 feet higli. Imagine, therefore, the force neces- 
sary to rend asunder such great rocks, giving us moi'e than 100 
miles of walls of solid limestone from eight to ten times the height 
of that towering object. Tn the same manner, thougli less striking, 
has a passage been provided for the Yellow river ; and also for 
the water communication between north and south of China. 

Living in our island home, we little aj^preciate the value of gi'eat 
rivei*s in the economy of nations. We are apt to contemplate 
them merely {\s sources of water power for our machinery, or a 
theatre for the amusement of the angler, or as imparting Aariety 
and beauty to the landscape. But I need hai*dly say that their 
uses are far wider and more important than these. The priests of 
Egypt said to Herodotus that ** their country was the gift of the 
Nile," a i)hrase as elegant as it is comprehensive ; the great plains 
of India are also as truly the gift of the Ganges, the Brahmapootra, 
the Indus, and other rivers; so also the gi'eat delta j)lain of Central 
China — 700 miles long by 150 to 500 milc^s broad, an empire in 
itself — is the gift of her river.<. 

But these rivers not only have procluced that gi-e^it district — 
they and their innumerable tributaries are unwearie<lly caiTying 
enormous burdens of silt from the table-lands of Eastern Asia, 
which they deposit partly along their courses, but chiefly at their 
mouths, thus creating new soil, extending the boundaiies of the 
country, and forming new islands for the habitation and support 
of men — thousands of square acres every year. Nor is this all ; 
they ai'e the servants of man, or wither the almoners of Provi- 
dence; they are the great sources of fertility — they not only 
in-igate, but they manure. The husbandman taps their banks 
with his canals wide and narrow, dee|> and shallow ; and I have 
stood and wondered at the water, as the farmer with his foot 
opened the cutting, inishing into the prepared trench laughing 
and dancing, as if exulting to respond to the help of man — 
filling his trenches, and covering his fields not only with grate- 
ful water, but with a layer of loam, which fonns the best of 
manures. Thus these rivers multiply the produce of the country. 
Again, they afford safe and cheap means of transport, for water 
carriage is from 20 to 40 times cheaper than land caniage. On 
their bosoms they cairy not only the rude cmft of the couutv^wsaxs.,, 
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and the barge of the traveller, but the heavy laden boats of the 
merchant ; and in the present day afford scope for those huge steam 
leviathans which are both the wonder and the blessmg of Central 
China. Further, they provide the natives with an abundant and 
unfailing supply of food in the article of fish — varied, wholesome, 
and cheap; and the late International Fisheries Exhibition shows 
how well they can take advantage of it. 

In view of the benefits which the inhabitants derive from 
these rivers, and the mystery connected with their rise and fall — 
fullest at the driest season, sometimes rising as many as 50 feet 
above their ordinary level, providing moisture, water, and manure 
when they are most needed, just after the seeds are sown in the 
earth, and all through the hot summer season, when growth is most 
rapid — who wonders at the ignorant natives falling down and 
worshipping them? And who among us, looking at the varied uses 
of our mountain ranges — the gradations of elevation, dii-ection, and 
consequent slow and gi'adual distribution of their watery wealth — 
does not lift up his heart in gratitude to Him who formed the moun- 
tains and set the hills in their places. And, in the city of Sir 
William Thomson, may I be permitted a little flight of imagination, 
and suppose that in the future these rivers may add yet another boon 
to their numerous uses, namely, that their rapids and falls may 
afford the chief source of lighl to China, drive the machinery of the 
country, and oven more extensively increase the fertility of the 
soil? 

But these rivers, like every other good, have their evil side if 
neglected. Sources of the most incalculable blessing, they are 
also sometimes scourges of tremendous description. Unless 
their banks are carefully attended to, and their sui*plus water 
drained off, they overflow, and submerge, mercilessly, fields and 
liamlets and towns, and carrv devastation oft«n over tens of 
thousands of squai-e acres. And the desolation is often of the most 
appalling kind : for, bearera of fertility in their normal course, in 
flood they are unmitigated cui*ses, inasmuch as the i^apidity of the* 
curi'ent carries in its resistless whirl the lieavv sand which in their 
slow course is usually deposited at the foot of the mountains, and 
thus, instea<l of the generous loam, they spread this most unfertile 
of all soil over the countiy. Thus they not only sometimes sweep 
the country clean of its towns, hamlets, dwellings, stock, and inhabi- 
tants, but in large districts present such as retui-n wiXh a ban*en, 
sandy, stony waste, which it takes years to reclaim. 
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(2) The Lakes. — The numerous lakes also form an important 
element in the waterways of China. Tliey lie chiefly in the pumllel 
l)asins to which I have referred ; and form not only links, but 
rather natural reservoirs, and so regulate in a measure the gradual 
diffusion of the waters of the countrv. The chief is the Tun<j-Tin'j 
lake, in Hunan, 225 miles in circumference ; the second, the Po- 
Yang lake, in Kiang-si, 90 miles in length, by 20 in breadth ; 
the third, the Tai-Hoo or Great lake, on the borders of Kiang-soo 
and Cheh-Kiang, 150 miles in cii-cumference, dotted over with 
islands, where the luxurious inhabitants of Hang-Chow and Soo- 
Chow delight to rusticate. There are several smaller lakes on the 
north of Kiang-soo; and three in Yunnan, one, 40 miles long, 
communicating with the Yang-tse Kiang by the Poo-too river. 

But these facts, striking though thoy are, give a very inadequate 
idea of the wonderful water communication in China. Industry, 
ingenuity, and perseverance have lent their aid to nature. Arti- 
ficial canals of all descriptions, long and short, wide and naiTOw, 
deep and shallow, have been dug wherever practicable, in all 
directions, linking rivera, joining smaller streams, connecting lakes, 
or forming links among themselves — a perfect and beautiful 
net-work — with their high, and often wide, but always elegant 
bridges. In Central China there is hardly a town of any im- 
portance, and no city, as far as I know, which is not tapped by 
one or more in this lace-work of waterways — a tremendous benefit 
to commerce. The gi'eatest among all these artificial waterways 
is the Grand Canal, commenced early in the Christian era, and 
completed by Kub-lai Khan, 1295 a.d. This extends from Peking 
to Hang-Chow, crosses both the Yellow river and the Yang-tse- 
Kiang; its length is about 708 miles. Even in its pi-esent 
condition it is of immense importance to the country ; but, by a 
comparatively little outlay, could be made of incalculable strategical, 
as well as commercial, value to the empire. 

(3) 2'Iie Higlaoays. — As in old Rome, which had its famous 
highways, beginning at the Forum, and extending in all directions 
through the provinces, to the very confines of the empire — to 
Persia in the east, and Gaul and Britain in the west — so in China 
we have like roads, laboriously and cai'efully constructed, starting 
from the Imperial Palace, and radiating in all directions, somewhat 
out of i*epair at present, but still usable for all sorts of traflSe. 
And just as the western Empress of the world established stages 
and relays for the rapid conveyance of travellers and despatches. 

Vol. XV. i 
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80 in China we have a like system, but much more elaborate than 
in the Roman empire. And not only so, but we have what the 
Romans lacked, a system of telegraphy over the greater part of the 
country. High mounds, erected on the peaks of conspicuous hills 
all over the coast, at convenient distances from each other ; towers 
built on the highways leading to the capital, at 10 li, or 3^ miles, 
apart, all these provided with materials for signalling, e.g.^ firewood 
for night, and wolf's dung for daytime — which is said to emit a 
smoke dense and dark, and which ascends less affected by wind 
than tlie smoke of other mateiials. 



The Soil. 

The soil of China may bo divided generally, but with great 
accuracy, into four different kinds. First, we have the common 
loam, which may be called the product of civilisation, viz., the 
result of the felling of primeval forests, of agriculture, drainc^e, 
and irrigation, continued thi*ougli many centuries, and which 
prevails all over Southern and South-eastern China ; second, we 
have the immense alluvial plain of Central China, to which I 
have referred, of extraordinary fertility and variety of products ; 
third, we have the gi*eat "red basin," as it has been called, 
which occupies the greater part of the immense province of 
Sz-Chwen. The soil here is a kind of red clay, and is formed by 
the decomposition of clayey sandstones of that colour, and is of 
enormous development. By itself this soil would not be pro- 
ductive to any marked degree, but, owing to the great moisture 
of the climate — the hilly character of the country, the immense 
number of brooks, streams, and rivers of Sz-Chwen, the con- 
sequent natural irrigation, and the ingenuity of the inhabitants, 
the fertility of Sz-Chwen and the variety of its products are, un- 
paralleled in China. Every hillside is terraced, even at very acute 
angles, and irrigation works are cut parallel to each other, at 
various heights, down to the foot. Thus the utmost is made of 
the water — not a particle is lost. The centre of this " red basin " 
lies in the middle of the province, and is called the plain of Ohin- 
tu-foo, and is 1,600 to 1,800 feet above the level of the sea. But 
this valley is a small kingdom in itself, containing 2,400 square 
miles, and sustaining a population of at least 3,600,000. The 
fourth description of soil is the loess. It presents by far the 
most peculiar feature in the soil of China. It is found as far 
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north as the country of the Ortoos, at the upper bend of the 
Yellow river; and constitutes the chief portion of the soil of 
four provinces, viz., Kan-su, Shen-si, Shan-si, and Honan. It also 
overlies large districts in Chih-li and Shantung, reaches as far east 
as Manchuria, and as far south as the Tung-ting and Fo-Yang 
lakes, but here all traces of it disappear — thus covering an ai-ea 
of not less than 250,000 squai*e mile>s. It smoothes the contour 
of the country, rounds the corners of the hills, and with its wavy 
outline looks, as respects shape and form, as if some prodigious 
snow-storm from the north-west had swept across the provinces, 
and left its burden on their slopes. It constitutes also an im- 
portant element in the Physical Geography of North China. It 
is to be found at all elevations, reaching from a few hundred feet 
above the level of the sea, as in parts of Shantung and Honan, up 
to 6,000, in Shan-si, and is even found, on the upper slopes of the 
Wu-tai-shan, no less than 8,000 feet above the sea line. It also, 
of course, varies in thickness, from a few score of feet up to 1,000 or 
1,200 feet in vertical thickness. It consists of a kind of hard but 
friable earth, of yellow colour, extremely porous and tubular in 
structure, these tubes often ramifying, like the roots of plants, and 
frequently lined with a film of lime. Analysed, it contains cai'- 
bonate of lime, fine sand and pure loam. It is not stratified, but 
cleaves vertically, often in huge rents. It contains fossil land, 
— shells, bones of quadrupeds, sometimes so many as to be used for 
manure; and portions of it are mixed here and there with local 
gravel, but this is only near the foot of mountains. 

This loess is remarkable in a great many ways. (1) It is of 
extraordinary fertility. It requires no manure, a little rain is ail 
that is needed, and the crops surpass all other soils. (2) Portions 
of it, carried by streams or floods, and spread over the lower levels, 
act as manure, and produce crops which otherwise would be 
impossibla Here we see a marked difference between the fertility 
and recuperative power of North and South China. In South 
China the area of cultivation is limited, for the most part, by the 
amount of manure which can be supplied, or in other places by the 
elevation to which irrigation can be extended; but on the loess there 
is no need for manure; and while in the South, irrigation never 
rises higher than say 2,000 feet, in the North the hills can be 
cultivated to any height as far as the loess prevails, so that 
excellent crops are constantly gathered from hill sides, up as far 
often as 4,000 to 6,000 feet above the sea. 
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Baron von Richtofen says this fertility results (1) from the 
porous character of the loess, whicli absorbs fi*om the air carbonic 
acid and ammonia ; and (2) from the fact that rain, descending 
deep into the vertical cleavages of the loess, meets tlie humidity 
contained in the lower portions, and by tlio well-known law of 
diffusion of liquids, imparts moisture to the vegetation on the snrfaco. 
Be this as it may, the provision is wonderful. 

But the loess not only affords food, but shelter for the inhabitants. 
They excavate houses in its sides, beautiful and commodious 
houses, often ranging up to two or three and more stories, and not 
isolated houses only, but villages and towns — constituting one of 
the most extraordinary sights a traveller can witness — not tiers of 
swallows nests, but tiers of human habitations one above the other, 
up to which they go by ladders or i-opes. And these houses have 
the great advantage of being not only warm in winter, but cool 
in the summer. 

It is interesting to notice in this connection, that at the very 
dawn of their history, we find this soil described in their classics 
most accurately, and its fertility acknowledged. It is stated to be 
"yellow and mealy or mellow," and " the revenue the fii'st of the 
highest class.'' 

As regards the formation of the loess, authorities are not yet 
agreed. Pimipelly maintained it was lake deposit. Kichthofen 
refutes this, and assigns "winds" as the cause, and says it is a "sub- 
areal formation.^' My own opinion is, that "winds*' are causes 
totally inadequate ; and I am inclined to look y\\yon it as another 
important argument in favour of tlitj Duke of Argyle s theory : for 
I can see no other way by which all the peculiarities of the case can 
be met than by the submergence of the soil, and a great flood flowing 
south-east over that jwrtion of the world, and carrying with it the? 
dunes and sands of Central Asia. And the fossil land-shells found 
in it, and organic remains of the mastodon, red deer, tbc, and such 
things, add still greater strength to this theory. 

But while China has thus four very marked varieties of soil, it 
possesses an almost infinite number of sub-varieties — pure, mixed, 
and intermixed. Entering several degrees within the tropics, and 
extending to the Amoor, possessing every degree of temperature, 
every proportion of altitude from the sea level, to the line of perpetual 
snow, adorned by every description of scenery, hill, dale, woodland, 
and stream, with every measure of sunshine and shade, I believe there 
is no plant or tree which grows in any part of the world but would 
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tiiul a congenial habitation in some part or otLer of China, and 
vice versa: for neither Fortune's '* wanderings " and the treasures 
ho gathered, and wherewith wo have beautified our greenhouses, 
and adorned our gardens, nor the discoveries of yet more recent 
botanists, liave by any means exhausted the edible, economical, and 
ornamental plants, herbs, flowei*s, and shrubs with which China is 
prepared to enrich the west. 

Und(^r this division it niav be well to refer to the soil of the 
outlying countries in close proximity, which are dei)endent on 
Cliina, such as Manchuria, 362,313 square miles, ix)pulation 
12,000,000: Mongolia, l,28i<,035 square miles, popidation 
2,000,000. 'J'hese vast tracts are gradually being brought 
under culti Nation by the Chinese. They afford immense scope 
for the overflow of the ^lopulation of North China, and will 
ultimati.»ly form most important fields of food supply for the 
whole of Cliina proper. As yet, (tidy Southern Manchuria has 
been brought in any measure under cultivation — the greater 
portion of Central Manchuria and the whole of Northern Man- 
churia are still occupied by huge forests, great fertile valleys, fine 
rivers, and, in the extreme west, by extensive plains, analogous to 
Canada, and possessing a climate similar to the Dominion. Mon- 
golia, having an area not much less than China proper, is simply one 
vast inidulating pi-airie, in many places pi*oducing huge crops of tall 
natives prairie grass — the result of the top-dressing of lava, with its 
rich constituents — thus giving indications of the fertility of the soil, 
which would, of course, produce wheat, millet, and other cei'eals in 
c<jual luxuriance. In addition to these, I need not refer to Tong- 
Kiug, Cochin-China, and the rich islands on the coast and in the 
Pacific. All these are now occupied, in a greater or lesser degree, 
by colonies of Chinese, so that there is hardly a diminutive islet 
visited by our naturalists where the Chinese are not found, all of 
whom are simi)ly pioneer lines of ants, working for, and sending 
supplies to, their mother empire. There need therefore be no 
aj)prehension of the scarcity of food for China. 

Tin: Mktkoi{mlo(;v <>k China. 

As with tiie soil, so with the climat(\ we have every imaginable 
diversity. JJut the meteorology of China has not yet been so 
carefully or scientifically investigatetl as is desirable. Many 
observei-s, however, are now at work. Through the exertions of 
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Sir Robert Hart — who is always alive to whatever will conduce to 
the best interests of the empire — sets of instruments have been 
provided for all the lighthouses recently built, and in course of 
erection, over the extended coast of China; also the officers of the 
various custom-houses at the ports have likewise received sets of 
instilments. Further, an observatory has been established at 
the Roman Catholic establishment near Shanghai, under the 
direction of a Roman Catholic priest. This observatory is in 
telegraphic communication with all parts of China and the East, 
and has already proved itself of immense value in every way, and 
especially by its forecasts of typhoons. Meantime, I may say in 
general that as we have every conceivable variety of soil, so we 
have every possible diversity of climate — tropical heat in the 
south, a temperate zone in the centre, fine bracing weather and 
clear frosty winters in the north, and, in fact, a place — in some 
comer of the empire — suitable for any constitution. 

Products of the Soil. 

Food Products. — Chief among these stands (1) rice, of which 
there are many varieties. Tlie kind in general use all over the south 
and centre of China is the common variety ; but in the north we 
have a species which is not very well known outside of China, 
and which is worthy of some attention. I refer to the diy soil 
rice. It is sown in spring, on ordinary soil, like wheat, and even 
on the slopes of hills, and grows like any other cereal, without 
irrigation, or any other attention than is bestowed on them. This 
grain seems to possess moix? of the farinaceous element than the 
ordinary rice, and is mucli prized by the northern people, who 
refuse to taste the southern rice if they can procure the other, 
saying there is no strength or relish in the former. We have 
also delicious glutinous rice, which is greatly sought after, and 
is raised especially in the neighbourhood of hot spiings. (2) 
Wheat and barley stand next, and are largely cultivated, and 
" bannocks " of barley meal and wheaten flour are as common in 
North China as in Scotland. (3) The third great food staple is 
millet, which is universal in North China. On good ground it 
attains an average height of twelve or thirteen feet, on poor soil 
about eight or nine. The leaves are long and graceful, much like 
the leaves of Indian com, only narrower; they grow alternately 
on opposite sides of the stalk, one at each joint, the lower part of 
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the leaf forming a sheath ai'ound the stalk. When the stalks are 
full-grown the lower leaves are stripped off to let in more light 
and air about the roots, and are stored away for fodder. The ear 
or head is what botanists call a compound panicle, and forms the 
top of the stalk. It is at fii*st a short roundish tuft, but as the 
axis or stem grows, the panicle gets longer and more bushy. A 
full well-grown head consists of fifty or sixty branches or 
peduncles arranged in whorls about an inch apart, each whorl 
having from three to five peduncles — the last whorl forming the 
top of the panicle. Each of these peduncles again biunches, 
giving off about seven small peduncles, borne alternately on 
opposite sides of the larger peduncle. From these spring a few 
still smaller peduncles, also alternate and opposite, each of which 
is crowned with one, two, or three grains. The best heads con- 
tain as many as 3,000 seeds. The seeds are about the size of 
duck shot, and slightly oval. The system of flowering is the same 
as in wheat. As the grains swell they grow upward out of the 
husks till fully half the seed is exposed. The sowing takes place 
in April or early in May, and the grain is usually ripe by the 
beginning of September. While requiring good soil for its full 
development, it will grow on almost any land.* 

There are thi'ee sorts of kao-lian^, the red, white, and brown, or 
light yellow, as the Chinese say. Of the red there ai-e two soi*ts, 
one with seeds and husks, both i*ed, and one with red seeds and 
black husks. There are also two varieties of white, one having 
both seeds and husks white, the other having white seeds and 
black husks. The white sort is used exclusively for human food, 
and when cleaned and boiled looks very much like pearl barley. 
But this kao-liany not only affords food for man and beast, but it 
is useful in a gi^eat variety of ways. The strong stems make 
excellent lathing for partitions, walls, and rooting for houses; also 
the tall strong stems are used for pallisades around their dwellings; 
the inferior sort for fuel ; while the light spongy pith of the stalks 
makes admirable tinder and match lights. 

The (4) fourth is paincum, of which we have three chief varieties, 
(1) spiked paincum. Though the kao-liang is the most conspicuous 
of the noii;hern cereals, spiked paincum, with its long, drooping, 
catkin-like heads, is undoubtedly the most graceful. It is 
sown loosely in drills eighteen inches or two feet apart. tJsually 

* See North China HeraUiy from whicli I take this description. 
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each seed produces only one stalk, though souie give oil one or two 
Slickers from the root. On good land the stalks, when full grown, 
are at least four feet high. On rich land the average length of the 
ear or spike is from ten inches to a foot; on poor soil, from seven 
to eight inches. The seeds arc pale yellow, and are very small. 
This is the most productive gmin in tile world. On an ear eleven 
inches lung, the writer in the North China Herald^ from wliich 
we are quoting, says: — "We have reckoned 11,300 gi'ains, and the 
best eai-s arc said to contain 20,000 seeds each." This entirely 
harmonises with calculations I myself have made in former yeai-s. 
Tlie spike is made up of about 113 short branches or pciduncles 
arranged in whorls, three or four in each whorl, along the axis or 
stem. The peduncles become gi-adually shorter towards the top, 
and thus fonu the spike. The sti*aw is thick and succulent, like 
rice straw, and, cut into chafl', makes an excellent fodder fur 
hoi-ses. 

Panicled millet diftei-s greatly in appeai-ance from spiked millet 
while growing, though the seeds art^ nearly indistinguishable, being 
only a little larger and yellower. An ordinary-sized panicle con- 
tains about 1,160 seeds, and lus each root produces on an average 
six such i)aniclcs, it follows that one seed yields on an avei-age 
6,960 gmins. There are two kinds of panicle millet; one is called 
shu'tz and the other mel-t^::. but thev an* so nuioh alike in evcrv 
respect a» to be indistinguishable by the uninitiated. The mei-tsz 
is not glutinous, and yields excellent flour for making cakes 
and buns. The shn-tsz, which when cleaned is called htiang-mi, 
or yellow rice, is starchy, and makes a palatable and nutritious 
porridge. 

(5) Indian corn and buckwheat are also extensively cultivated in 
the northern provinces. 

(G) We have also an ininiense variety of beans, j)eji.se, and pulse, 
large and small, yellow, black, green, and variegated, the yellow 
being chiefly used for producing oil and bean cake, which is 
exportcil to Koo-Kien as manure for the sugar cane — the black 
being used chielly as food for mules and horses — and the small green 
variety for food, and especially in the preparation of vermicelli. 

(7) Suujar cane is cultivate<l in many parts of China. 

(f^) Tobacco is gr(>wn largely all over the west and north — a 
recent importation from Japan through the Dutch. 

(9) Opium, alas ! is now extensively produced in all directions 
in west an«l north. 
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(10) Of vegetables there is no end. And it may be interesting 
to notice that we have now at the ports not only the native 
edibles, such as sweet potatoes, Irish jK)tatoes, ground nuts, 
turnips, etc., etc., but also all our best European and Ameri- 
can vegetables, beginning with the early cabbage and pease 
in spring, and ending with the Cauliflower, Brussels sprout, and 
Brocoli in winter. 

(11) Fruits. — So also with fruits, we have native cherries, 
apricots, peaches, nectarines, plums, apples, gi'aiKJS, peai*s, per- 
simmons, dates, pomegranates, arbutus, etc., in endless vaiiety; 
but we have also introduced the stniwberry, i-aspberry, and cul- 
tivated brambk^s, which are simply delicious. 

(12) Salt. — The distnbution of salt in Cliina is very marked. In 
8han-si, Shen-si, and the north-west generally, we have Siilt lakes of 
greater or lesser extent which provide the natives with an un- 
limited supply. In JSz-Chwen wo have wells sunk after the 
Artesian manner, many over 1,000 feet deep, which yield salt 
brine in large quantities. Near these are pretroleum spiings 
which rise to the surface. Tlie gas is lightinl, the brine passed 
over the flame, and the salt thus procured. Still farther fi-om tlic 
sea than either of these provinces, viz., in Yunnan, we have a like 
remarkable provision — not natural tanks as in Sz-Chwen, but clay, 
tkc, wonderfully impregnated with brine in many hill-sides, into 
which tunnels are driven and the indispensable condiment obtained. 

(13) Of Spices we have all varieties. 

(14) In regard to 2^eay I would only say this, that, like some other 
products of China, the virtue is found to lie not altogether in the 
plant, but in the soil and envii-onments, so that Chinese tea is never 
likely to be superseded, but will always form the " body " of our 
beverage. This is esiKJcially the case with the far-famed Puerh tea 
of Yunnan, which is exported to all parts of China, made up in 
small cakes, seven of which usually form a package, and wliich ai*c 
wrapiK?d in j>alm leaves, making a parcel of about I lbs. This tea 
is said to afford seven infusions without being reduced in strength 
and flavour I 

Tkxtile Kaukics. 

(1) ^Sil/c. — China is the home of silk. Their iir«t Empress, n.c. 
-000 (semi-historical), is represented as teaching her maidens how 
to cultivate the mulberry tree, rear the silkworm, unreel the 
cocoon, and spin the thread. And in the tribute of Yii, B.c. 2200 
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— one of the most interesting and authentic of the heirlooms of 
antiquity — we have several kinds of silk mentioned as the tribute 
from diiferent districts, e.g., wild silk, "deep azure silk," "fine 
floss silk," " purple silken fabrics," silken fabiics, and so on. Very 
generally produced in those days, it has continued to be a speciality 
in China during its lengthened history, and at present its dis- 
tribution is something remarkable. I cannot recollect of any 
district in China which I have visited, north, south, east, or west, 
where I have not met silk culture in some fonn or other. 
It was one of the great articles of merchandise in ancient 
times. I have no doubt the silk of which Solomon spoke, ac. 
1000, came from China; so also the gorgeous silk robes in which 
the ancient Persian monarchs adorned themselves, as well as the 
silks of which we hear among the Greeks and Romans. Indeed, it is 
expressly alHnned in the account of the Greek voyage made by 
order of Alexander the Great between the Indus and Euphrates, 
and in reference to the trade in India, " that the silk came from 
countries further east." During the Roman empire an embassy 
visited China in a.d. 166, and took back silks from Cochin China. 
Another embassy sailed up the Yang-tse Kiang to Nanking by 
order of the Emperor Justinian. Later on two Nestorian mis- 
sionaries brought silkworm's eggs preserved in canes. This was the 
beginning of silk culture in Gi'eece, whence it spread to Itnly, 
France, and even to the West of Ireland. 

(2) Hemp. — As with silk so also at the very counnencement of 
their. history wo find the Chinese with a knowledge of Hemp, and 
acquainteil with the art of weaving it; and in our time we find a 
great many varieties of this important plant — (1) the common 
Hemp, cannabis eativa, L. ; (2) the AbiUilon aviceruiae — both used 
for making ropes; (3) the corchorus capsular is, L., resembling the 
Jute plant of India, and which grows like little fir trees; (4) the 
Boehmeria nivea, Hooker, or stingless nettle, from the inner bark 
of which the Chinese grass clotli is made, and which is found 
extensively in South and Central China; (5) the Pueraria Thun- 
bergiana, from which a coai'ser grass cloth is prepared.* 

(3) Cotton. — ^Tliis plant is a comparatively recent introduction 
into China, but is now most extensively grown. There are two 
chief varieties, one white and the other yellow, from which the 
famous Nanking cloth is made. The staple of both is short but 

* On thcBc and khidred topicR, bcc BretBchneider*8 works. 
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firm: the cloth is strong and durable, far surpassing our manu- 
factui*ed fabrics. There is a third variety, very strong, used for 
money bags and sacks. 

(4) Paper is manufactured from a great variety of sources: — (1) 
the bark of the bamboo; (2) the iimer rind of the mulberry tree; 
(3) wheat straw; (4) the bark of the plant Wika-troemia^ from 
which a strong paper, useful for packing, is prepared in large 
sheets; also (5) from two species of the Edgeivorthia. 

Oil-Producing Plants, &c. 

In addition to Pulse, of which we have already spoken, we have 
(1) the seeds of the Perilla ocinioideSy L., a Labiate; (2) Sesamum ; 
(3) Tung yew, or Tea Nut oil — a most important article of com- 
merce; (4) certain cruciferous plants, the seeds of which belong 
to the genera Brassica and Eaphamis, one especially^ with yellow 
fragrant flowers, which grows extensively in Kiang-soo, Che-Kiang, 
and elsewhere ; and others of a similar character, and which grow 
in Sz-Chwen, Hunan Hupeh, and Yunnan, from the seeds of 
which much oil is compressed; (5) Rape. 

Wax, — The white insect Wax is another important product of 
China, and is coming fast into general notice. It is produced by a 
small insect, the Coccus-pela, which lives on the leaves of a species 
of ash, viz., the Fraximis Chinensi^, which is found extensively in 
Central and Western China. 

The Tallow tree is another curious production of China, and of 



great value. 



Dyes. 



First of all, in extent and importance, stands Indigo, which 
is procured from several different plants (1) a leguminous shrub, 
viz.: — ^the Indigo/era tinctorial L., (2) Indigo anily L., a larger 
plant of the same character, (3) Polygonum tinctorium, an acan- 
thaceous which grows in North China and Manchuria, (4) the 
IscUia Indigoticuy a cruciferous plant, (5) a plant which some 
suppose to be identical with the Strobilanthes JlucddifoUiLS, which 
in Assam produces the celebrated blue called Boom. Second, the 
green vegetable dye, which created such a sensation about thirty 
years ago. It is procured from the bark of a Rhamus which 
grows plentifully in the provinces of Che-Kiang, Sz-Chwen, and 
mountains near Peking. Third, Madder. Fourth, Safflower, 
besides others of less importance. 
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Lacquer, — Tliis famous varnish is procured from several species 
of the Sumac Hhus or vernlx veniicia, and the augia sinensis, 
and is found in many parts of China. The best kinds cannot be 
surpassed, and is also one of the most ancient products of Chimi. 

The Geology of China. 

On this time will only permit a few words. There will there- 
fore be nothing for the specialists, and I will confine myself to the 
economic aspect. All geologists who have ti-avei-sed China have 
remarked the gi^eat simplicity of structure which pi-evails through- 
out its whole extent. Underneath all we have, of coui'se, the 
metamorphic rocks, gneiss, granite, and primitive schists. Above 
these are limestone — in many places tremendously developed. 
Pumpelly makes a calculation which gives 11,600 feet. On this, 
as a floor, lie. the coal formations, and above them sandstone, clays, 
etc., etc. The granite in many parts of the country rivals our 
finest Aberdeen granite ; and in every quarter we find limestone 
converted into marble, giving us thus beautiful ornamental stone 
of all coloui's and varieties, and in all degi'ees of fineness. 

But the gi-cat feature is the coal formation and deposits of 
iron. 

Baron von Hichtofcn, who had been engaged in the survey of the 
Western States of America, when he heard of the coal-fields of 
China, came over with the view of placing his great scientific skill 
at the disposal of the Chinese Government. His services were 
declined, lla made several journeys on his own account, and 
ultimately was requested by the Shanghai Chamber of Commerce 
to investigate the mineral resources of the country. Preliminary 
reports have already ai)peared, and his great work is partly 
published. He found not only the statements already published 
regarding the mineral wealth of China true, but made great 
additions to our knowledge. In the province of Hunan he 
discovered a magnificent coal-field of no less than 21,000 square 
miles in extent. Of this he says: — "The inclined position of the 
strata makes minin;' tolerablv easv. The situation is no less 
advantageous. Many mines are worked close to the river side 
and at little distances from it ; there is thus direct water com- 
munication with Hankow. The coal in this district is all 
anthracite. I think it will compare favoural»ly with the be«t 
kinds of anthracite known." 
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III his last journey he found another coal-tield near Juchow, 
about 23 miles broad, having seams ranging in thickness from 6 
to 8 feet. Not far from the city of Honan-foo he came on a third 
field of considerable extent, with seams varying from G to 18 feet. 
At Tai-Hang-Shan he estimated the quantity of coal produced, even 
by theii* rude methods, at between 200,000 and 300,000 tons 
annually. He then entered Shan-si, and confesses himself perfectly 
amazed at the extent and quality of the coal-fields of that province. 
He says that, as far as he knows, they are not equalled in the 
whole world. He speaks of the remarkable simplicity of structure, 
and calculates their area at somewhat about 30,000 square miles. 
The Goal formation in this province is about 500 feet in thickness, 
and many of the coal beds 30 feet thick. He also remarks that 
carboniferous strata lie far above the level of the plain, so that 
railways or tramways could be carried right into the seams in the 
mountains and loaded on the spot. He admits the disadvantage 
of being so far from the sea or water communication, but asserts 
that the superiority of the Shan-si coal over the coal near Peking 
will more than counterbalance the extra expense of carriage. The 
disturbed state of China at that time put an end to his investi- 
gations; and we are thus left without any account from actual 
observation of the coal-fields in Western and Southern China. In 
lieu of this wo have the next best authority, viz., Mr. Pumpelly, 
wlio took the trouble to employ Chinese scholars to investigate native 
books in reference to minerals. Fortunately these are numerous 
and accurate, every department and district — i.e., **foo"and "hien" 
— having its own gazetteer. By the help of his Chinese secretaiy 
he examined over one thousand volumes. Taking the information 
contained in them in connection with observations of European 
travellers, he made a hypothetical map of China proper, showing 
the |>osition and extent of the various formations. The correctness 
of this map has been verified in several instances, and may be 
taken, at all events, as a good approximation of the geological 
structure of the country ; and what a stirring tale it tells ! The 
disclosures are perfectly astounding. He shows that under every 
one of the eighteen provinces — each of which, be it remembered, 
is about as large as Great Britain — there are large deposits of 
coal. 

In some provinces coal underlies the whole country, coal of all 
desci-iptions — bituminous, anthracite, cannel, and lignite — much 
of it equal to the best found in any part of the worlds «a. ^xaa^ 
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been verified by scientific men in Europe and America. To 
bring out the extent of the coal-fields, as clearly as possible, I 
shall make a tabulated comparison between them and those of 
Europe. 

In the official catalogue of the Great Exhibition (vol I., p. 181), 
Professor Ansted gives the undernoted as the coal area of the 
following countries : — 

Britiah Islands, 12,000 square miles. 

France, 2,000 i. 

Belgium, 520 

Spain, 4,000 i- 

Prussia, 1,200 n 

Bohemia, ... 1,000 h 



20,720 
Place this side by side with what we know of China : — 



Province of Hunan, 


• • • 


21,000 square miles. 




Shan-si, 


• • 


30,000 


ii 




Chih-li, Shan-tung, 


and 








Soutlieru Manchuria, 


84,000 


M 




Sz-C'hwcn, say ... 




70,000 


■1 




Shcn-8i, 




25,000 


M 




Kan-Buh, 




20,000 


II 




Honan, ... 




10,000 


II 




Kwei-Chow, 




14'000 


II 




Kwang-si, 




13,000 


M 




Kwang-tung, 




23,000 







Hupch, ... 




5,000 


II 




Fuh-kien, 




25,000 


II 




Chc-Kiang, 




6,000 


II 




Kiang-si, 




35,000 


II 




Ngau-AAliiu, 




4,000 


II 




Kiang-su, 




4,000 


II 




Yunnan, 




20,000 


II 



409,000 

Here we have, in Hunau, a coal-field larger than the aggregate 
of all the coal-fields of the greatest coal-producing countries in 
Europe ; in Shan-si, another coal field one and a-hal£ times larger 
than that aggregate; while in the other parts of North China, we 
have coal-fields seven times greater than all the coal districts in 
Qreat Britain, and so with the other provinces. Or, looking 
at it in another light, we have 409,000, or nearly half a million. 



Rev. a. Williamson oh Physical Geog^raphy, dhc, of China. 143 

of square miles of coal in China. This is safficiently startling ; 
but there is another fact connected with this matter, which adds 
tremendously to the importance of these figures. Side by side 
with all the coal-fields explored are iron-ores and iron-stone of all 
descriptions ; and, most remarkable of all, the commonest in North 
China is the black oxide of iron — true magnetic iron-ore. So 
extensively does this prevail, that the natives use only this variety 
in the preparation of their iron utensils, and pass by fields of other 
iron-ore and iron-stone which would be perfect fortunes to manu- 
facturers in our own country. The writer speaks of what he has 
seen; for he has picked this iron-ore out of the ground, found it to 
contain from 60 to 80 and 85 per cent, of pui*e iron, and, placing 
it among needles, found it a magnet of the most powerful description. 
The other minerals, such as gold, silver, copper, lead, tin, and 
quicksilver, are upon an equally magnificent scale. Not a province 
which does not contain less or more of each, while in some they 
exist in great profusion, so that I am within the mark when I say 
that, excepting the stupendous mineral wealth of the Western 
States of America, there is no equal to them in the world. Nor 
is this all ; in addition, wc have precious stones, as jade, amethyst, 
topaz, beryl, lapL^j-lazuli, sapphires, garnets, pearls, emeralds, rubies, 
diamonds, tuiH][Uoise; also we have clays of all descriptions; marbles 
of all degrees of quality and shades of colour; salt wells and salt in 
different provinces ; petroleum springs in Sz-chwen and Shan-si, 
producing apparently inexhaustible supplies ; lime, sulphur, alum, 
borax, and in fact everything needful in the arts and manufactures, 
as well as countless quantities of nitre, soda, potash, magnesia, 
and all the ingredients necessary for artificial manures, in most 
provinces, often in great profusion. The island of Formosa is said 
to be one storehouse of sulphur. 

Trade Routes. 

As regards the south-west of China, there can be little doubt that 
the most advantageous in every way is that advocated by Baber, 
Colquhouu, and others, viz., through the Shan country, and emerg- 
ing at Maulmein. At the same time I do not despair of the other 
route, via Bahmo to Ta-li-foo, and the Yang-tse Kiang. Certainly 
it is the most direct route, would save gi*eat mileage, time, and sea 
insurance, connect with our system of Indian i*ailways, and, by 
touching the Yang-tse Kiang and tapping the exceptionally fine 
province Sz-Chwen, would soon create a trade for itself \ wwL^^V^Sa* 
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quite possible the exigencies of commerce and the enterprise of our 
engineers may yet overcome the several alpine ranges, of which 
so much has been made. One thing is clear, the telegniph wires 
will soon cross the country in that direction. 

But, after all, the most practicable route for heavy traffic is one 
of wliich little has been said, but which is sure to be adopted 
sooner or later, namely, via Honan, Shcn-si, Kan-su, and Central 
Asia. Nature may almost be said to have anticipated this road, and 
made provision for it. To use the words of Baron von Richtofen, 
"if an engineer were to construct an imaginary cut through a 
high mountain range for laying a convenient raih'oad track, he 
could scarcely solve his task more perfectly than nature has done 
in this gigantic cut, thousands of feet deep, one hundred li (33 J 
miles) in length, which crosses all the parallel ranges comprising 
the Foo-nieu-Shan hills. Tlie grade is so gentle and the widtli of 
the passage so favourable that a railway could be laid down without 
the slightest difficulty. ''* And what renders this striking passage 
between Southern China and the NoiiJi-west of Asia more important 
is (1) that it is the only possible one, owing to tremendous mountain 
ranges; (2) that it is the entrance to a populous country, kindly 
people, and fertile plains; and (3) the remarkable circumstance 
that it traverses the great coal-fields of Shen-si and Kan-su, and, 
in fact, has coal all along its line as far as Hi, as many as 
thirty degrees of longtitude. As Richtofen says, " there is scarcely 
one instance on record where so many favourable and essential 
conditions co-oi>erate to concentrate all future intercoui^se on 
so long a line upon one single and definite channel."! This 
road bifurcates at tiic oasis of Hanoi — of which so much 
has been spoken, the southern route leading from Hanoi to 
Yarkand, Kashgar, Khoten, and Persia — and is the route which 
has been used by caravans long anterior to the Christian era. 
The other takes a north-westerly direction to Bar-Kul, Kuldja, 
and thence to Russian tenitory. On the prmciple of circular 
sailing this route would be by far the shortest. The great difficulty 
is Russia, but surely this cannot pi^vail for ever. 

Till-: Pkoplk. 

Ori'jiii. — Though somewhat outside my subject, yet a few words 
on the Chinese people appear indispensable to this paper. Recent 
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discoveries in philology, certain striking coincidences in their 
knowledge of asti*onomy — «,^., names of planets, designations 
of several of the months, and character of their cycles — resem- 
blances in their semi-legendary history, correspondences in their 
manners and customs— all show that the ancestor's of the 
Chinese dwelt in the Upper Euphrates Valley, with the ancestors 
of the Accads, the early Babylonians, and the progenitors of the 
Egyptians. And, I may add, similarity in their religious systems, 
wonderful analogies in their methods and formnlre of divination, 
agreement in the divisions of their year, the peiiods assigned to 
rain-fall, heat, cold, &c., &c., prove that intercommunication 
existed from th-Ar earliest historic period — after they had estab- 
lished themselves in China — viz., from b.c. 2200 down to 
the Christian era, or rather to comparatively recent times : for 
there has hardly been an epoch when travellers did not go and 
come between China and the West by land or sea, or made the 
round trip, like the Buddha Priest who (a.d. 399-415) went 
through Central Asia and India, and returned by Ceylon, the 
Straits of Singapore, Java, and thence to Shantimg. 

Jiace, — The conclusion from this is that they are Hamites, and 
have the same blood in them as those vigorous races who formed 
the commanding, distinguished, and enterprising empires of early 
times — viz., the Early Assyrians, Egyptians, Phoenicians, and 
Hittites. Observe, it was Canaan who was cursed, not Ham ; and 
doubtless the curse took eflfect only upon Canaan himself and the 
children he begot after, not before, the affliction. And in this 
way the peculiarities of the Negro race may be accounted for. 
The Chinese have passed through many revolutions, but they are 
the same people, with the same government and traditions, and are 
thus the most venerable nation on earth. 

Population, — According to the Chinese official returns of the 
Board of Revenue, quoted by our late Ambassador, Sir Thomas 
Wade, the population in 1881 was 285,000,000, and may now be 
reckoned at 300,000,000, or about 200 to the square mile; not 
a high figure, for the population of England and Wales is 414. 
The population of the provinces vary from 600 in a square mile 
in Kiang-soo, 500 in Chih-li and Shan-tung, to 47 in Yunnan. 

The bearinq of all this on the Future. 

But it is time now to consider the bearing of all this not only upon 
the future of that Empire but on that of other countries^ 1 hj\\\^ 
Vol. XV. k 
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however, leave a great deal for your own reflection. A few wordfi 
must suffice. Here then we have a country possessing a magnificent 
area, a wonderfully varied soil, rich commercial staples, unsurpassed 
water communication, great fields of coal and iron ore under every 
province — some of them most extensive — not" a few extremely 
accessible, and the whole combined forming a development equalled 
only by the Western States of America ; a country possessing 
every chemical in large quantities needful for manufactures or for 
the artificial enriching of land, and every substance required either 
for human comfort or luxury, or necessary for the extension of man's 
dominion over nature; a people who have led the way in the East 
for 4,000 years, and given their civilisation and their literature to 
all the surrounding nations; a people its fresh and vigorous as ever, 
and apparently entering on a grander career than they have yet 
passed through ; a people among whom education and intelligence 
are wonderfully diflused ; a people of high intellectual development, 
minds trained by discipline, hands skilled to work, a doggedness 
which is proverbial — capable of overcoming every obstacle, and a 
will resolute to put everything in motion for their own ends; 
a nation of extraordinary vitality, whose existe.nce for so many 
milleniums proves that they have a capacity for organisation and 
government of no ordinary kind; a people whose institutions ha\'e 
been of a higher description than those of any other nation and 
better worked — one of which, viz., their competitive examina 
tions, forms a ladder reaching down to the humblest classes, 
and by means of which the brightest and ablest men in that vast 
population have been selected to fill positions of responsibility 
and rule, from the ordinary county magistrate up to the highest 
position in the State; a provident people, not like the Hindoos, 
burning what would constitute their best manure, but carefully 
pi'eserving everything, solid and liquid alike, capable of returning 
to the soil that which has been extracted from it — proving the 
accuracy of their observation, when, without science, they 
have found that all sorts of things, and even hair, parings 
of nails, the sweepings of their barbers' shops are all profitable 
for agriculture; their farmers alive to everything which will 
conduce to the outcome of their fields, and who, as soon as 
they discover the advantages of the selection of seeds, artificial 
manure, and the new machines now invented, will infallibly adopt 
them and ultimately double or treble the produce of their country. 
Their business men, keen, far-seeing, and possessing a j^erfect 
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passion for com merce. An en tei^rising people. This has been their 
characteristic in all ages. Long before the Christian era their keels 
ploughed the Eastern seas; and there is evidence that somewhere in 
the Indian Ocean, or it may be the Persian Gulf, their junks met 
the ships of the early Phcenicians and exchanged the merchandise 
of the East with the West They are so still. And the safety, 
economy, and regularity and speed of our steamers have given a 
tremendous impetus to this feature of character among them. 
They are swarming out in all directions, not only to well-known 
places in the Malay Archipelago, but to the remote islands of the 
Southern and Eastern seas. They will aflsui^edly occupy New 
Guinea ; and I have just heard that the pioneers of this great ant 
hive have snugly located themselves on the coast of Africa. 

And what will be the result of this 1 First, they will introduce a 
measure of civilisation ; but more important still, they will bring 
these islands and countries under cultivation, and so make them 
sources of food supplies — first for China and then for other 
nations. And, seeing we ai*e told that a detinite piece of ground 
which would support only two men if sown with wheat would 
sustain fifty if planted with bananas — what may we not expect as 
the result of theii* labours in these rich, fat, luxuriant peninsulas 
and islands hitherto so unprofitable — only masses of jungle ? A 
people which delights in elegance, not content with the mei'e 
necessaries of life, but always aiming at greater wealth and 
higher position; and, as they gaui it, gratifying their tastes in the 
improvement of their houses, the adornment of their dwellings, the 
beautifying of their gardens, and especially the enriching their di^ess. 
And one of the most interesting sights in China is a group of Chinese 
exquisites in a tea garden on one of their ai-tificial lakes during a 
summer afternoon, where the arrangement of their apparel and 
assortment of colours, from their s|K)tless satin embroidered shoes 
up to their tiny collai^ is matched only by the rich and gorgeous 
di^ss of their ladies, and surpassed by nothing but a butterfly. 
A wealthy people ! And this is an important aspect They have 
been gathering the gold and silver and copper, <fea, from their 
streams and mines during all periods of their history ; and there 
never have been — as repeatedly in Europe, Aaia Minor, and 
India — invading powers which have overrun their empire and 
robbed them of their treasures. The Mongols once conquered it, 
and the Manchus hold it at present, but it is the case of the 
conquered conquering the conquerors. These warriors lQ«»iftA. 
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themselves in their capital, and assimilated themselves to their 
institutions and civilisation. Thus the accumulation of precious 
metals for 4,000 years still remains in the coiuitry; also the 
wealth amassed by commerce with outside nations, and the tribute 
of their dependencies — all are in China still. And those who 
have resided among them know that this wealth is not possessed 
by a class, but is very widely distiibuted among the people in all 
parts of the land — buried at present, for the most part, owing to 
the unsettletl state of the country, and the instability of the 
Government and consequent rapacity of the officials, but still 
there, ready to be expended whenever the people feel secure in 
the enjoyment of it. 

There is, therefore, no country in the world where there is 
such a prospect for commerce ; for it is not the extent of 
territory, as in our young colonies, but the wealth, tastes, and 
number of the population that commercial men have to look 
to. And just in proportion as the Government gathei*s strength 
and the people confidence will our trade change and enlarge ; and 
I anticipate that the turn which has already taken place will go 
at a greatly accelerated rate, and we will find the Chinese not 
contenting themselves with our piece goods, woollens, etc., etc., 
but manufactured articles of economy, beauty, taste, and luxury — 
machinery of every description, and fabrics of all kinds, and 
articles of use and elegance in iron, steel, silver, and gold. And 
how many wheels will the new and emancipated commerce of 
300,000,000 set agoing] Great as it is at present, it will bo 
absolutely nothing to our future trade if we are only tine to 
ourselves. 

A wise, cautious, but a people decidedly advancing; for, 
observe, one of the characteristics of the Chinese is this, they 
will take advantage of everything which will conduce to their 
interest. And this is true of all classes — agriculturalists, manu- 
facturers, merchants, literary men, and rulers alike. They are 
tentative and careful, and take their time, but once convince 
them of the utility of anything, and it is as sure to be adopted as 
the sun is to lise. They have proved it already on a small scale 
in all departments. They have adopted, in a measure, our anus, 
steamers, lighthouses, dredging machines, printing presses, tele- 
graphs, mining machinery, international law, science, and are 
beginning to receive our religion. This feature of their character 
is the most significant of all, and can be unhesitatuigly relied upon. 
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It Las been said their civilisation was non-progressive. It would 
be better described as limited. Six or eight times in their history, 
especially during the Chow, Han, Tang, Soong, Ming dynasties, 
and during the present dynasty, they reached a certain height of 
civilisation, but have as often fallen back, risen again and fallen 
back again, all, I believe, for the want of that strength, hallowed 
enthusiasm, and elevating principles which Christianity alone can 
supply. But they are human; and to be human is to be pro- 
gressive; and so wc find leading men in all classes, and especially 
men in high and responsible positions among them, open to every 
suggestion, weighing every plan, and adopting every means which 
commends itself to theii* judgment. 

This feature is the hope of us all. When they saw the absurdity 
of their self-conceit and exclusiveness, they had the good sense 
to throw their pride to the winds, and to open their minds to sug- 
gestions from every quai'ter, to strengthen their Government and 
their position among the nations by sending ambassadors to the 
courts of Europe and America, reorganising, drilling, and equipping 
their army with the most formidable weapons, creating a new 
navy of the most powerful iron-clads, spreading a network of tele- 
gi'aphs over the empire, opening their mines and preparing them- 
selves in every way to meet the exigencies of the age. And the 
younger men among them are now all eyes and ears, straining 
every means to master Western science, and ambitious to quality 
themselves to sustain the responsibility of their nation, and the 
gi*and tradition of their country when theii* turn comes. 

The Marquis Tseng said the other day at Folkestone — **It 
is aDirmed that the Chinese wish to avoid intercourse with 
foreigners. That is not true. We do not fear contact with 
foreign nations. Nay we court it; for we know the advantage of 
that." This statement is true, as I can testify from much personal 
knowledge. "They know the advantage thereof," not commercial 
advantages merely, nor even intellectual advantages, but the 
advantage of being permitted to rely on Britain, or rather on 
generous-hearted, high-souled British gentlemen, for guidance and 
help in their hour of need, and amid difficulties consequent on a new 
departure. Let mc commend China to your sympathy. What 
we give to her in the matter of j^&tience, consideration, and fair 
play, she will repay to us one hundred-fold. 
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" Mr. Millbank liked nothing su much as an invention, unless it were an 
experiment. " — Conhigsby, 

CONTENTS OF PAPER. 

Progress of Chemistry in England in recent yeai*s— Some causes and results 
of progress considered — Progress in England compared with process abroad, 
especially in Germany — The statistics employed, based chiefly upon the 
literature of Chemistry — England is Ijehind in Organic Chemisti*y, and in 
those branches of the science which involve a knowledge of cognate 
subjects — As regards manufactures, England holds her own in those which 
involve only a knowledge of principles wliicli have been long known, but 
is behind in those which involve a knowledge of recently discovered 
principles — Value of German i-esearch estimated, (1) even when not original 
m the stiict sense of the term, it aids the progress of the science by accum- 
ulating facts upon which 8ul)se(]uent generalisations arc based ; (2) It supplies 
the country with a large body of highly-skilled chemists to whom the rapid 
development of chemical industries in Geimany is mainly to beattributea — 
The causes of the backward condition of Organic Chemistry, and of special 
branches of the science in this country considered ; they are (1) the want 
of properly organised "Schools" of Chemistry such as exist in every 
German university ; (2) failure of many of our manufacturers to recognise 
the advantages of a li1)eral chemical education over a narrow technical 
education — This arises out of a misapprehension as to the causes of the 
progress of Chemistry in Germany, which has been due, not to technical 
schools, but to the univei-sitics, from which nearly all the ffrcat discoveries 
of recent years have proceeded — The great need of Chemistry in this 
country is the establishment of schools, inside or outside of the univenities, 
which shall provide teachim^ in every department of Chemistry, adequate 
laboratoiy accommodation for the prosecution of research, and a general 
education e(jually liberal with that which the German chemist receives. 

In the following paper my object is not to give an account of the 
progress of chemistry in recent years, but to draw attention to 
certain facts, chiefly connected with the literature of the science, 
from which the rate of progress in ditfei'ent countries may be 
infen*ecl and compared. I shall not attempt to describe the dis- 
coveries by which the science has been enriclicd, but shall endeavour 
to di-aw, from the number and distribution of those discoveries, 
important lessons as to the condition of chemical teaching in this 
country. 
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Without looking at all narrowly into the facts, it must be 
appai'ent to everyone that within i*ecent years the study of chemistry 
has been receiving an ever-increasing amount of attention. Nor 
is the cause of this far to seek. Not many years ago the word 
" chemist " was almost synonymous in popular language with 
'* druggist," and the word "chemicals" with "drugs." But the 
recent application of chemical science to nearly every branch of 
manufactures has gradually tended to coirect the popular miscon- 
ception. Chemistry, people begin to see, has to do with all kinds 
of manufactures — with the production of steel as well as with the 
preparation of citrate of iron, with the production of yams as well 
as with the preparation of aniline dyes. It seems not unlikely 
that, in time, the name chemist may pass away altogether from 
the druggist, and the original ^wpular use of the temi be entirely 
lost. 

The increased attention bestowed upon chemistry in this country 
has been due to causes totally different from those which have 
given so powerful an impulse to the study of biology. The 
awakened interest in chemistry has been of a purely practical 
kind. It has been due to the ever-deepening conviction that a 
study of the principles and methods of this science is capable not 
only of stimulating existing industries but of opening up entirely 
new fields for the display of the practical skill and energy of our 
people. It has needed no popular literature to commend it ; it has 
required no popular tesicher to expoimd it. By the want of a 
popular school the science has no doubt suffered. Attention has 
been too constantly devoted to its immediate practical aspects, 
and its teachers have sometimes been deficient in that breadth of 
view and sympathy with other departments of knowledge without 
which no science can attain its full development. But, on the 
other hand, it has perhaps been saved by this very want from the 
baneful influence of too hasty and presumptuous generalisation. 

While chemistiy has little or no popular literature, in technical 
litemture it is perhaps more prolific than any other science. Not 
including distinct volumes, three thousand (or eight for every 
day of the year) is certainly a very low estimate of the number 
of papei*s and mcmoii's on chemical sul)ject8 published through- 
out the world in the year 1882, and professing, for the most part, 
to contain the results of experimental work. To glance through 
such a mass of writing would for a single individual be a task, to 
examin(j it an impossibility. But, without atteraptiu^ t\\^&^ \ 
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believe we can arrive at important conclusions by attacking these 
papers — after the fashion set by Lord Macaulay of treating other- 
wise unmanageable literature — from the statistical side, the only 
side, indeed, from which they are assailable. 

It would not be safe, perhaps, to consider mere increase in the 
bulk of chemical literature as an exact measure of the progress 
of chemistry; but, on the other hand, there can hardly fail to be 
some relation between the amount of work done and the amount 
of literature produced in any given department of science. It is 
upon this assumed relationship that the following paper is based. 

It is not possible to make an exhaustive list of the papers 
on chemical subjects published in this country in the course even 
of a single year. Many contributions of value are buried in the 
journals of local societies or in those of special industries, where it 
becomes impossible to trace them. But nearly all results of value 
and of scientific as opposed to technical interest ultimately find 
their way into the Journal of the Chemical Societi/, the Philoso- 
phical Magazine, or the Transactions and Proceedings of the Royal 
Society, Although the Chemical Neics sometimes contains papei-s 
of great value, it is not made up for the most part of original 
matter. The journals of tlie Pharmaceutical Society, of the 
Society of Chemical Industry, of the Minei*alogical Society, and 
the Analyst, each devoted to a s|^cial department of the science, 
complete the list of our periodical publications in chemistiy. 

Turning firet to the Journal of the Chemical Society, it will be 
seen that there has been a gradual inci*ease in the number of papers 
contributed to this Society since 1870. In 1869-70, 35 papers, of 
of which 13 were upon subjects connected with organic chemistry, 
were read before the Society; and in 1879-80, 75 pai>ei*s, of which 
28 were upon organic subjects. 



TABLE I. 

Table skowiDg Number of Papers published in the Journal of the. Chemical 

Society, 1870-1881. 
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The accompan3ri]ig Table gives the number of papers published 
in the Journal from 1870 to 1881. For reasons to be explained 
hereafter, the number of papers on organic chemistry, as well as the 
total number of papers for each year, is given. But it must be 
remembered that a strict classification is impossible, and papers 
which I have classed as organic would possibly by others be placed 
under a different heading. The Table shows that the number of 
})apei*s published by the Chemical Society has more than doubled 
within the period examined — the increase being a steady one — 
while the proportion of papers on organic subjects to other papers 
has remained almost unchanged. 

During the same period, however, the number of chemical 
papers contributed to the Philosophical Magazine and to the Royal 
Society has not increased. 

If we turn from the literature of the subject, still more striking 
evidence of the progress of chemistry in this country will be found 
in other directions. 

Within the last ten years nearly all our great Universities and 
Colleges have revised their courses of study, and given increased 
prominence to science, and especially to the science of chemistry. 
Old degrees have been widened in their scope, and new degrees 
have been created. Cambridge and Oxford have not been able to 
resist the spirit of the age, and now offer their highest honours 
and rewards to the student of science as well as to the student 
of classics. Within the last ten years nearly all the great towns 
of England have, by the public spirit of their citizens, or by the 
munificence of private patrons, been provided with the means of 
higher education than the public schools afforded. Since 1870 
no fewer than ten Colleges have been founded throughout th^ 
country, in all of which the teaching of chemistry occupies a pro- 
minent place. 

The work done by the Science and Art Department in pro- 
moting the teaching of science in our schools has also greatly 
extended. In 1871 the number of passes in the different stages 
and departments of chemistry was as follows : — In organic 
chemistry, 1st class, 11 ; 2nd class, 61. In inorganic chemistry, 
1st class, 373 ; 2nd class, 1,340. In the advanced stage in 
organic chemistry, 1st class, 7; 2nd class, 11. In inorganic 
chemistry, 1st class, 72; 2nd class, 282. In 1879 the numl>ei-s 
had increased in the elementary stage in organic chemistry to 
118 in the 1st class and to 63 in the 2nd class; in inor^wk. 
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chemistry to 1,084: in the Ist class and 1,602 in the 2nd class; 
and in the advanced stage in organic chemistiy to 16 in the 1st 
class and 25 in the 2nd class; and in inorganic chemistry to 
258 in the 1st class and 466 in the 2nd class. 

Within the last two or three years the City and Guilds of 
London Institute has begun with great success to do for the 
various branches of applied chemistry what the Science and Art 
Department aims at accomplishing in pure chemistry. 

Hardly less remarkable than the increase in the number of 
colleges has been the recent gi-owth of new societies comiected 
with chemical science. The Institute of Chemistry, which aims 
at ascertaining and certifying the qualifications of professional 
chemists ; the Society of Chemical Industry, which has for its 
object to unite, for puqx>ses of discussion and for the better 
diffusion of technical knowledge, the industrial chemists of the 
country ; the Mineralogical Society, and the Society of Public 
Analysts have all arisen within the period undcT review. 

Legislation also has exercisc^d a most important influence upon 
the progi-ess of the science. 

A narrative of what crime has done for chemistry would form 
an interesting chapter of scientific history. We owe much of our 
knowledge of mineral poisons to the necessity, created by the 
subtle ingenuity of criminals, of accurately studying the pro- 
perties and reactions of these substances. The frecjuent trials 
under the Adulteration of Foods Act arc rapidly promoting the 
accurate study of the composition of food stuffs and other articles 
of consumption which are liable to adultenition. 

The Pharmacy Act, the educational provisions of which were 
first made compulsory in 1868, has efiected a revolution in the 
tmuiing of our pharmaceutical cliemists, and we may hope soon to 
possess in this country a body of pharmacists rivalling in celebrity 
those gi*eat corpomtions of France and Germany, which have fur- 
nished so many names to tlie roll of illustrious chemists. 

The Alkali Acta, the Rivers Pollution Act, and other legislative 
measures have conferred as gi-eat a benefit in many insttuices ui)on 
th(> industries which they immediately affected as upon the com- 
munity in whos(j interests they were originally passed. If any- 
one doubts the infiuence of such measures, let him turn to Lomas' 
** Manual of the Alkali Tnide," to the Blue Book containing the 
Report by Dr. Ballanl of the Islington Board, or to the history 
of the development of any of our great chemical industries, 
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and he will see how intimate is the connection between improve- 
ment and the compulsory disposal of waste products otherwise 
than by passing them into rivers or the air. Many special 
instances might be given. I shall content myself with one taken 
from a foreign source, but not on that account the less instructive. 
" The attention of the French Government having been called to 
the pollution of the nvers which receive the washing liquors of the 
garancine manufacturei*s in the neighbourhood of A\'ignon, they 
were called upon to devise some method of abating the nuisance. 
M. Pernod, one of the largest manufacturers of ganuicine and 
'lleura de gamnce' in the department of Vaucluse, gave to the 
subject his attention, and contrived a process by which he not only 
removed nearly the whole of the organic matter in suspension, and 
neutralised the acid, but even effected a saving, for ho discovered 
that the spent liquor of garancin contains a large quantity of oxalic 
acid."* 

Last of all, 1 may mention amongst legislative influences the 
appointment of the Technical and other Royal and Parliamentary 
Commissions, and the establishment of the Kesearch Fund, admini- 
stered by the Royal Society. 

Whether, then, we look to tlie literature of the subject, to the 
improvement and extension of the various agencies whereby 
chemistry is taught, to the increased number of societies, to the 
awakened interest of Parliament as shown in the appointment of 
recent Royal Commissions, it must be admitted that the history 
of chemistry in this countiy during recent years has been a history 
of continuous progress. 

But, if wo look abroad, we shall see that, while we have un- 
doubtedly been advancing, other countries have been advancing 
with still more rapid strides. To be convinced of tliis we have 
only to compare the amount of original scientific work done in 
this country with that done abroad — especially in Germimy and 
France. The abstracts* published in the Journal of the Chemical 
Society afford a ready means of making the comparison ; but for 
the two years to which I wish more particularly to call attention 
1 have made an entirely independent examination of the literature. 

From an examination of the accompanying Table (No. 11.) it 
will be seen that, while the number of i)apei's published iu England 
which were deemed worthy of beiiig abstiucted was only 115 in 
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1872, the number of German papers abstracted in the same year 
was 809. To make the comparison a fair one, we must add to the 
list of English jmpers those published in the Journal of the Chemical 
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Society itself, which brings up the total of English papers to 151. 
Of the papeiTS abstracted no less than 327 wei*e on organic subjects, 
and of this number Germany contributed 29 G, England only 31. 
In 1882, 2,202 papers were abstracted, of which 1,442 were from 
German sources and 232 from English sources, which, with addi- 
tion of the i>apers published in the Jonriuil of the Chemical Society y 
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gives ail English total of 297. Of the German papers, 574 were 
upon organic subjects, of the English only 59. Thus, while in 
Germany the number of papers and memoirs on organic chemistry 
i-ose in ten years from 29G to 574, the number of English papers 
rose only from 31 to 59. The rate of increase has been nearly the 
same, but the Germans started from a high, we ivom a very low 
figure. Table III. gives the average number of abstracts for each 
of the iiret live and last five yeara respectively of the decade 
beginning with 1872, and, perhaps, affords a fairer view of the 
progress made within the period than is obtained by contrasting 
the first with the last year of the decade. 

It may l)e objected to this way of looking at the subject that it 
tells nothing as to the relative value of the papere. But it must 
be remembered that the figures we have been considering are 
based upon abstracts made in England, and therefore, we must 
suppose, with a due I'egard to what English chemists arc likely to 
consider important or unimportant. 

But, if English editoi's and abstmctors are not above suspicion 
of partiality where Germans arc concerned, Frenchmen assuredly 
are, and it is interesting to see in what way they regard the sub- 
ject. For some yeai-s 'M. Wurtz furnished to the Annates tie 
Chimic et de Physique abstracts of the more impoitant foreign 
contributions to chemical scienc(?. 

Unfortunately, his abstmcts cease in 1874, but they come down 
far enough to enable us to judge of their bearing on the subject. 
In the year 1870 he abstracted 17 papers, which were all from 
German sources, and upon organic chemistry; in 1871, 13 papers on 
organic cliemistiy, 12 from German ami 1 from English sources; in 
1872, 28 papers, 27 upon organic subjects, of which 23 were German, 
2 English, and 2 Russian ; in 1873, 9 papei-s, all organic, and all 
from German sources; in 1874, 18 papei-s, 16 organic, of which 
13 were from German, 2 from English, and 1 from Russian 
sources. These abstracts represent only the most important con- 
tributions made to organic chemistry in the years mentioned, and 
it will be seen that in the opinion of so distinguished a judge — 
and he a Frenchman — as M. Wurtz, out of a total of 81, 74 are 
Geraian and only 4 English. 

In Table IV., which shows the number of abstracts published in 
the Berichte der Deutschen Cheinischen Geaellschaft in 1882, we 
have the German estimate of the importance of the contemporary 
contributions to the science. 
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TABLE IV. 

Showing Number of Abstracts published in the Btrichie ihr Dcutschen 
ChanischenOeselischaft in 1882. Arranged accordiug to Subject and 
Nationality of Authors. 





Physical. 

Genonil, niul 

Inorpniilo. 

57 


Organic. 
110 


Analytical. 


PliyKiolofrlcal. 


Total. 


1 

1 (JcrmaD, 

i 


110 


159 


442'* 


French, 


149 


103 


28 


23 


303 


English, 

1 


57 


42 


1 


01 


107 


! Italian, 


IG 


40 


o 


15 


79 


American, ... 


5 


27 


1 


20 


53 


Russian, 


12 


28 


1 


11 


52 

1 



Before leaving this part of my subject I shall, instead of the 
abstracts, take as ray authonty the original literature of the 
three principal European countries and compare them. For 
reasons already pointed out, it is not possible to make exhaustive 
lists; but we may arrive at a fairly accurate estimate by compar- 
ing the journals, which occupy relatively the same position in the 
different countries. 

Thus, in Germany the Berichte tier Deutschen Chemiachen Geaell- 
achaftf and in France the BuUetin de la Societe Chitnique occupy 
respectively the same position as the journal of our Chemical 
Society. The German Annalen der Phyaik tend Chemie corresponds 
to the physical portion, and Liebig's Aniuden der Chemie to the 
chemical portion of our Philoaophical Magazine, and of the French 
Annalea de Chimie et de Pliyaique. The French ComjyUs Rendua 
de VAcademie dea Sciencea and the German Monataherichte and 
AbharuUunge^i der Koniylichen Akademie der Wisaeiiacliaften c?^ 
Berlin are respectively the equivalents of the publications of our 
Royal Society. 

Confining our attention, then, to these journals, and omitting 
all notice of journals devoted to special departments of the science, 
we obtain the results given in the accompanying? Tal)le. 



* This total does not include the papers published in the Berichte der 
Deut, Chfvi. Geft.f for which sec Tabic A . 
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These figures confiim on the whole those based upon the abstracts. 
To make the comparison a perfectly fair one for Germany, the papers 
jmblished in journals, such as the Journal far Fraktische Chemie, 
which have no equivalent eitjier in this country or in France, ought 
to be added. 

With regard to the progress of an important branch of chemistry, 
of which I have not yet made mention, the " Year Book of Phar- 
macy" affords valuable information. It gives annually a summary 
of all the more important contributions made during the year to 
pharmaceutical chemistry. In 1882 I find that the number of 
abstracts from vaiious sources, arranged according to nationality, 
was as follows: — German, 102 ; French, 43 ; English, 29 ; Italian, 
9 ; American, 1 ; Russian, G. 

According to the Verzeiclinesa chr Buchery there were published 
in 1882, in Germany, 138 distinct works on chemistry, of which 25 
were devoted to pharmacy and 38 to organic chemistry. In the 
same year, according to the English Catalogue, only 18 works on 
chemistry were published in this country, and of these none were 
specially devoted to organic chemistry.* 

From all the figures which I have brought together, I think two 
conclusions may be fairly drawn — (1) That this country is far 
behind Germany, and even France, in the number of its contribu- 
tions to organic chemistry; (2) that this country does compara- 
tively little in those departments of chemistry in which a knowledge 
of the allied sciences is involved. 

But I do not wish to insist too much upon the mere number of 
papers. It will naturally be asked. What is the value of the mul- 
titudinous contributions made annually by German chemists to 
science? 

This opens up a question of great difficulty. It is impossible to 
estimate the value of much of our contemporary science, just as it 
is impossible to estimate the value of contemporary literature and 
art. It is its influence upon the future development of science 
that finally determines the value of a scientific theory or the 
importance of a scientific fact, and of this we cannot judge. In 
endeavouring to form an opinion as to the value of scientific 



* For much valuable aid in the preparation of the statistics upon which 
this paper is based, I have to acknowledge my great indebtedness to 
Mr. G. G. Henderson, B.Sc, of the Chemical Laboratory, University of 
Glasgow. 
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research, it must be borne in mind that investigations may, with 
more or less accuracy, be divided into two classes: — 

(1.) Those that employ known methods, and proceed upon known 
theories or hypotheses. This is the kind of research, and the only 
kind of research, that can be directly endowed. It can be bought 
as any other kind of service can be bought. Its market value is 
perfectly well known. 

(2.) Those that employ new methods, or which proceed upon new 
theories or hypotheses. To attempt to endow this kind of research, 
unless the endowment takes the form of reward for work already 
accomplished, is to incur a very great risk of endowing idleness. 

Those who engage in the former kind of research require only a 
knowledge of the principles of the science and manipulative skill; 
those who engage in the latter must, in addition to these quali- 
ties, be possessed of originality. Tlie former class of investigators 
derive importance only from the practical results of their work ; 
the latter class, although their work may fall far short in imme- 
diate practical results of that of the other, have their merit irre- 
spective of this altogether. The former class may claim the name 
of investigator; it is only to the latter that the name of original 
investigator belongs. 

Now, it seems to me that it is the constant confusion of these 
two classes with one another that has brought research in certain 
quartera into disrepute. It is the claim for all research of the 
merit and the reward which should bo reserved for original 
research, that has caused many to undervalue altogether research 
which is not original. 

But admitting, for the sake of argument, that by far the larger 
number of the German researches belong to the first of the two 
classes indicated, are they therefore useless? I think not. They 
are hardly ever without some positive result, which adds something, 
however little, to the store of our knowledge. And surely such con- 
tributions to science, however humble, are valuable. Why should 
we despise the chemist who devotes himself to the preparation of 
series of salts or ethers, and to the accurate determination of their 
melting points or boiling points, because we know fi-om analogy 
what compounds are likely to have an existence and what their 
properties are most likely to bel The astronomer can calculate 
with utmost nicety the movements of the heavenly bodies, but he 
does not on that account fail to use every opportimity of verifying 
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bis calculations by actual' observation. Scientific men forfeit their 
title to the name when they take for granted the simplest fact, 
which is capable of experimental verification. 

Eesearches which are not original may be defended on many 
grounds. 

Without them chemistry could not progress, for of this science 
more than of any other are the words of the Laureate true— 

** Science moves, but slowly, slowly, creeping on from point to point.'* 

The accumulation of littles has done not less to promote her pro- 
gi*ess than the discoveries and generalisations of her greatest masters. 
Indeed, without the constant accumulation of facts by the humbler 
workers in the science, the generalisations would not be possible. 

But, say some, at least let the researches, if we must have them, 
be practical in their end, let them be devoted to some purpose 
which is obviously directly useful This unfortunate misun- 
derstanding as to what is useful has done more than any- 
thing else in this country to discourage and repress researcL 
If scientific inquiry were limited to that which has a directly 
practical bearing, progress would necessarily speedily come to an 
end. Particular manufactures might no doubt benefit for a time, 
from concentration of all attention upon their details, but even 
here, when the need arose for a new principle, progress would 
be arrested. All our manufactures are based, more or less, upon 
the accumulated experience and research of past time. We 
have come into a rich inheritance. We must take care that we 
pass it on to those who come after us, not only undiminished but 
increased. We have no more right to use up the research and 
experience of the past, without doing something to renovate and 
increase the store, than a farmer has to exhaust the virgin soil, 
or a wood-man to cut down the forest primeval, without r^ard 
to the future. It is just as shortsighted and foolish a course in 
the one case as it is in the other. Yet this is, in effect, what we do 
if we give way to the demand for technical, education, as under- 
stood by many at the present time. What is a limiting of the 
education of our chemists, strictly to the requirements of our 
present manufactures, but an exhausting of the stored-up capital 
of the past for present purposes ? There can be no doubt that 
the chemical industries of this country have suffered grievously 
even in our own time from want of research. In the older manu- 
factures we perhaps hold our own, but in all those induatrlea HiVsisJa. 
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involve the application of recent developments of pure chemistry, 
we are behind, and must remain behind until we recognise the need 
for higher and wider teaching. And even in old industries, so long 
as there ai-e waste products, there must be room for improvement. 
Nature has no waste products. By ceasing too soon to speak of 
the wonders of nature, and by learning too soon to boast of the 
achievements of science, we have lost many of the lessons which 
the majesty and perfection of the operations of nature arc fitted 
to teach. 

Others, who recognise the practical value of research, say, let 
the plodding Qerman work out the details of organic chemistry, 
and then we with our superior practical genius, and our un- 
limited capital, will step in and help to reap the harvest he 
has sown. £2xperience has proved that such a policy is as 
futile as it is selfish. Results may be boiTowed, but not the 
practical skill and experience which have been accumulated 
during the slow process of working out the results. Consider the 
cases of the aniHue dyes, of alizarine, of indigo, to which I shall 
refer more particularly by-and-by. Why, although we know all 
the mysteries of its production, has the manufacture of alizarine 
never flourished in this country? There is but one answer — 
because this country does not possess the necessary scientific 
skill, and our manufacturers are not yet sufficiently alive to the 
importance of wide scientific as opposed to narrow technical 
education. They defeat their own end by too constantly aiming 
at results which shall immediately yield practical fruits. Look 
at other sciences, and see how they are dependent at every step 
in their most practical aspects upon previous work, done without 
reference to practical ends. See what the physicist owes to the 
mathematician. No doubt a great physicist sometimes devises his 
mathematical methods to meet the exigencies of his research; 
but it is oftener the other way. Take the case of the Harmonic 
Analysis of Delambert and Fourier, with its innumerable applica* 
tions to the theory of waves; to the theory of elastic solids; to the 
undulatory theory of light; to the theory of sound, and to such 
practical purposes as the calculation of tides, and the calculation 
of the semicircular and quadrantal errors of the compass. Or 
consider how the wonderful electrical applications of the present 
day depend upon past research. When Galvani experimented 
upon the frog, I do not suppose he dreamed of the electric 
telegraph. Faraday's experiments were avowedly conducted 
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without reference to practical application, yet to what man 
in the whole range of science more than to that great experi- 
menter do our industries and our commerce st&nd more indebted 
at the present day? The researches of that cliemist of whose 
connection with this city and society we are all so proud, and 
which we are about to celebrate in a few days, are every day 
receiving new applications in the arts. Their influence upon the 
solution of practical problems both of vegetable and animal physio- 
logy has been incalculable, yet to Graham they were investigations 
of natural laws, investigations in the domain of pure science. 

I speak from a broad — from a national point of view. I do not 
say that it is for the manufacturer individually to engage in experi- 
mental researches not bearuig directly upon his own manufacture, in 
the hope that he may ultimately benefit by them. I do not say 
that it would be for his advantage to prefer chemists with a large 
theoretical knowledge and liberal education to men who have 
special knowledge of, and skill in, the manufactures in which he is 
engaged. What I maintain is, that it is for the benefit of the 
country as a whole, for the benefit of its manufactures as a whole, 
in revising our schemes of national education, to aim, not at fitting 
a man for this or that manufacture, but at providing him with a 
wide and general education, and at teaching the principles of 
science which lie at the root of all applications. 

This brings me to a second argument in favour of the extension 
of original research. 

Our manufactures require a large body of trained chemista 
What better training could there be for them than engaging in 

« 

that sort of research to which I refer? And thus a twofold end 
would be gained; the bounds of science would be made wider by 
the results of their laboui*s, and the education of our chemists 
would be rendered more complete, and the chemical industries of 
the country benefitted. 

But, passing from these general grounds, I desire to make my 
argument as practical as possible. Before further urging the 
extension of research as both an end in itself and a means of 
education, I wisli to show more particularly the practical value 
of such researches, measuring value by the standard, which every- 
one understands — of pounds, shillings, and pence. There are two 
ways in which I might attempt to do this. I might trace some 
discovery fi*om its beginning to its practical issue, or I might trace 
back some discovery of admitted practical value to its origjbo^ ^xA 
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show upon what previous disooveiies it rested, and how, without 
them, it would have been impossible. 

I prefer the latter method, and for my purpose I shall select a 
discovery with which everyone is familiar; I mean that of artificial 
alizarine. 

The earliest patent of the discoverers of the method of synthesis- 
ing this substance says: — ''Pure anthracene is converted into 
anthraquinone by one of three methoda * # « xhe anthra- 
quinone obtained is converted into dibromanthraquinoiie by heating 
one equivalent of anthraquinone and four equivalents of bromine 
in closed vessels for several hours to the temperature of 80*-130' C. 
The dibromanthraquinone is then heated in closed vessels, 
with concentrated soda or potash-lye, to 180'*~260° C, in order 
to replace the bromine with hydroxyl. The mixture slowly assumes 
first a blue and then a violet colour, which gradually becomes 
more intense. When the depth of colour no longer increases, the 
mass is allowed to cool, dissolved in water, filtered, and super- 
saturated with sulphuric or hydrochloric acid, when alizarine 
separates out in yellow fiakes, which are filtered and purified by 
washing with water. ''^ How simple all this appears to those who 
are acquainted with the reactions of organic chemistry, yet of 
what an amount of work is it the outcome ! Let us see upon what 
researches this most pmctical discovery rested. 

Graebe investigated the chemical composition of a substance 
known as quinone, and succeeded iii showing that it is closely 
related to benzol. This research hod no refei'ence whatever to 
alizarine. The discovery of the relation between quinone and 
benzol suggested to Graebe that other substances might stand in 
the same relation to other hydrocarbons. About that time a 
compound known as chloride of chloroxynaphthyl was attracting 
much attention on account of its supposed relation to alizarine, 
and Graebe was led to suspect that this body might be the 
dichlorinatcd derivative of a substance (a quinone) related in the 
same way to naphthaline that quinone is to benzol. This surmise 
proved to be correct, and thus the word quinone, as so often 
happens, came to be the name of a class of substances. The 
reason for suspecting a connection between alizarine and chlor- 
oxynaphthalic acid was that both substances, when decomposed 
by nitric acid, yielded the same product — viz., phthalic add. 

* Crookes* *' Practical Handbook of Dyeing and Calico-Printing," p. 228. 
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Bichloronaphthoquinone, when heated with caustic alkali, gave a 
salt, the acid of which was supposed to be chlorinated alizarine. 

These , discoveries suggested to Graebe and Liebermann that 
alizarine might be of the nature of a quinone. The question to be 
settled was, to what hydrocarbon was it related? To discover this 
the expenmenters made use of a method of investigation discovered 
bj Baeyer, the synthesiser of indigo — viz., distillation with zinc 
dust, and they found that when heated in this way alizarine 
yielded a hydrocarbon similar in all respects to the anthracene got 
from coal tar. Having got from alizarine to anthracene, all 
that remained to be done was to get back again from anthracene 
to alizarine. 

Before Graebe and liebermann's time, Laurent liad discovered 
a substance to which he gave the name of anthracenuse. This 
substance was examined by Dr. Anderson, who assigned to it the 
formula C14H8O2. Graebe and Liebermann recognised in anthra- 
cenuse the quinone of anthracene. If alizarine was really the 
quinone acid of anthracene, all that was required to convert anthra- 
quinone into alizarine was to substitute two atoms of its hydrogen 
by hydroxy!. Here, again, they availed themselves of a previous 
discovery. It had been proved that chloranil, when treated with 
caustic potash, gave chloranilate of potash. Dibromanthraquinone 
treated in the same way gave an alkaline solution of alizarine, 
from which, when acidified, a yellow precipitate of alizarine was 
obtained, and thus the discovery was completed. 

At every stage this discovery rested upon previous researches, 
undertaken with a totally different object. It rested immediately 
upon five previous discoveries, without any one of which the 
synthesis could not have been accomplislied. 

(1) The discovery of the nature of the quinones. 

(2) The discovery of the relation of alizarine to anthracene, 

employing Baeyer's method of iiivcstigiition. 

(3) Discovery of the relation of naphthaline to oxy naphtho- 

quinone. 

(4) Laurent's discovery of anthracenuse. 

(5) Discovery of the action of caustic potash upon chloranil. 

And each of these five discoveries in turn rested upon innumer- 
able previous researches, which had no reference to the synthesis 
of alizarine. 

Here, then, is a most practical discovery resting upon «. ^Wi.^ 
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series of researches, nearly all carried out on the Continent, without 
having any immediate practical aim. I prefer it to all others for my 
purpose, because alizarine is a substance with which, in thi^ district^ 
we have so much to do — eyer3rthing to do except its manufacture. 

I do not think that it is a wise or thrifty policy for a nation to 
seek to produce and to manufacture everything that it needs for 
its own use. Natural conditions will often give to one country 
advantages which another does not possess for the growth or manu- 
facture of certain products. Why, then, should that country 
struggle against the hand of nature, and not rather avail itself of 
those advantages which it is certain to possess in other directions. 

But no natural causes forbid us to make alizarine. On the 
contrary, we have apparently everything in our favour. One of 
our chemists bore a distinguished part in the discovery. We 
possess the crude material and export it for others to manufacture. 
We import the finished material ; we use it largely in our print- 
works. We possess every advantage for the manufacture of the 
article but one — we want the skill Surely this is a matter of 
reproach to us. Only a few days ago in this city Mr. Mundella 
said, "Take the waste products of our gas-works, which were 
originally utilised at home. I am told that the waste products of 
the gas-works in England are sent to Germany, where they are 
treated by German chemists and come back to us in the shape of 
aniline dyes and other materials to the extent of two millions 
sterling.'' According to Professor Koscoc, in 1880 the estimated 
production of artificial alizarine was 14,000 tons (containing 
ten per cent, alizarine), the value of which was estimated at 
£1,568,000 or XI 22 per ton. According to the same authority, 
the total annual value of coal tar colours is 3} millions sterling ; 
and England, while furnishing all the crude material, and using 
a very largo proportion of the manufactured product, makes 
only a small fraction of the colonics. 

Equally instructive with the discovery of the original method of 
manufacturing alizarine, is the history of the modification afterwards 
introduced simultaneously by Mr. Pcrkin in this country, and 
Graebe and Liebermann in Germany. It was my intention, had 
time permitted, to have sketched the history of the synthesis of 
Indigo, and shown how at every stage the discovery rested upon 
previous discoveries made without immediate practical aim. And 
numerous other instances might be given. 

Liebig in one of his letters on chemistry says, "The chemist 
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produces the crystalline substance found in the fluid of the allantois 
of the cow from the excrement of snakes and birds; he makes urea 
from charred blood; formic acid and oxalic acid from sawdust; the 
volatile oil of Spiraea almaria, of GatcUheria procumbefiia from 
willow bark; the volatile oil of Valerian from potatoes. These 
results are enough to justify us in entertaining the hope that we 
shall ere long succeed in producing quinine and morphine and 
those combinations of elements of which albumen and flbrine or 
muscular fibre consist, with all their characteristic properties." * 

Liebig's prophecy bids fair to be fulfilled. Some years ago I had 
the honour, along with Principal Ramsay of Bristol, of discovering 
a reaction which, according to one of the highest continental 
authorities, was the fii*st to establish a connection between quinine 
and bodies of a simpler constitution.t The work which we com- 
menced has passed entirely into German hands. Hosts of chemists 
attacked the problem as soon as the clue had been foimd. Every 
day progress is being made towards the unravelling of the con- 
stitution of quinine, and probably some here to-night will live 
to see the manufacture of quinine and morphine carried on like 
the manufacture of alizarina 

But the glory of discoveries which will enrich science, and confer 
a boon on aU mankind, which will bring wealth and lasting fame 
to all who have part in them will, like the glory of the synthesis 
of alizarine and indigo, pass to a foreign country. 

What, then, is responsible for the backward condition of chemistry 
in this countiy, and what is the remedy ? 

I have shown that, during the last ten yeai*s, even research has 
made steady if tardy progress; that numerous societies, having for 
their object the improvement of chemical education or the advance- 
ment of certain branches of the science, have arisen; and that 
many new colleges have been founded. 

But while there has been increase in the number of teachers, almost 
nothing has been done in the way of differentiation of the teaching. 

The bounds of the science have been widened so that it is no 
longer possible for one man to be acquainted with the whole range 
of the subject; yet little or no effort has been made to separat<3 
the teaching of the different branches. 

The Owens College is, I believe, the only institution in the country 
which has even a separate Professor of Organic Chemistry. I 

* Familiar Letters on Chenustry, I. 

t K6nig8. Berichte der Deut, Chim, GeeelL, 1879^ q« Q1« 
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do not say that to this fact is to be attributed the celebrity 
and influence which that school of chemistry has acquired, but 
obviously it has contributed to it. 

It is not to be expected that the newer colleges should be able 
to support more than one teacher of chemistry. They must have 
time given them to discover in what directions they can most pro- 
fitably develop. But it is unfortunate that in our older colleges and 
universities so little is done to keep pace with the lupid progress of 
the science. While the applications of chemistry have been extend- 
ing in every direction, and there is haitlly a single city in one of 
our great centres of population which is not to a large extent 
dependent upon manufactures in which chemistry is principally 
concerned, nothing has been done to bind closer the ties between 
the Universities and the great practical life of the people. Hence 
the sympathy of the public — at least of piuctical men of business — 
has been alienated from our older seats of learning. They see that, 
while every second factory calls for a man educated in chemistry, 
the Universities continue to teach it as it was taught when it had 
importance only as a branch of medicine. They see that the 
educated chemist must be sought for abroad, and that the educa- 
tion which shall enable their sons to carry on their business with 
intelligence can only be had abroad. 

But those who condemn our Universities forget too often that 
the fault does not lie altogether with them, but with Government, 
which, with ill-judged parsimony, refuses the necessary funds, and 
denies to local institutions that elasticity and adaptability to 
altering circumstances which is its own most marked feature. 
Acts of Parliament are needed to effect the changes which are 
so necessary, but Parliament is too busy to pay attention to such 
matters ; and, when it does interfere, it is unfortunately too often 
only to alarm and agitate by the threat rather than the promise 
of coming legislation. 

It is certainly to be deplored that while it has done so much to 
encourage, not always wisely, elementaiy scientific education, our 
Government should be so slow to recognise the great public 
benefits which our Universities might confer if only they received 
proper encouragement. 

That there are objections to the multi2)lication of the teachers 
of one science in the same University cannot be denied. But 
what is wanted is not several teachers of the same subject, but 
teachers of the special branches of each great subject. 
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By such an arrangement the unity of teaching could not seriously 
suffer, and such rivalry and competition as might arise could only 
be of a wholesome kind. But even granting that under such con- 
ditions different views of the same subject might be promulgated 
within the same University, that .would not necessarily be a mis- 
fortune either for science or for the University. It is not desirable 
that one point of view should always be preserved, especially in 
the teaching of such subjects as are progressive. The development 
of scientific theory takes place through diversity of view. It rarely 
happens that one mind, however keen and subtle, can give perfect 
shape and consistency to a newidea. This is attained only through the 
modifying process of opposition. Wurtz, in his History of Chemical 
Tlheoryy referring to the opposition offered by Berzelius to the 
theory of substitution, says: — "The great discussion has borne 
fruit, and the violent opposition of Berzelius has been more salu- 
tary than silence and repose could have been. Thus, after having 
so greatly honoured science by his discoveries, this powerful con- 
tradictor has also served it by his errors ; such is the beneficent 
power of work.*** Limit for any length of time the teaching of a 
subject to one man, and however active in his intellect, however 
industrious in his effort to keep abreast of the times, however quick 
to grasp new ideas, he will inevitably fall behind his age. For 
a while the natural elasticity of a great mind may keep it abreast 
of the times, but when the elasticity is gone the very strength of 
intellect which gave consistency to his ideas becomes fatal to their 
further development, and the progress of the science is an*ested 
during his lifetima Although few institutions can boast of so 
unbroken a succession of able and distinguished teachers as 
the Scotch Universities, it has happened again and again in the 
course of their history, that during the lifetime of the only person 
authorised to teach a subject, that subject, from one cause or 
another, has remained practically untaught, and a grievous injury 
has been inflicted upon several generations of students. 

Looking to all the circumstances, surely more is to be gained 

than lost by having all branches of learning, where the extent or 

importance of the subject renders it desirable, represented by more 

than one teacher. 

'* Two plummets dropped for one to sound the abyss ' 
Of science." 

Until we have this, it is vain to think of attempting to cope with 
* Wnrtz' History o/Ohemieal Theory, Watts' Translation, p. B^ 
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foreign Universities, where thorough subdivision of labour enables 
the teachei's to work out the details of every branch of the science, 
while our most eminent men are forced to go over the same ground 
year after year; always repeating the elements of the subject, 
never advancing beyond them. It is vain to expect men who are 
required to teach what in other countries is distributed amongst 
half-a-dozen teachers to rival those teachers, or to create schools 
equally efficient and celebrated. 

It is not for me to say in what way the changes that are neces- 
sary should be effected. They should be effected not without due 
regard to the position and privileges of present teachers, and not 
without regard to the special needs of each town and the traditions 
of each University. Unless some power of adjustment is given to 
the Universities themselves, it seems to me that any improvement 
can only be of a temporary and entirely insufficient nature. An 
obvious method of dealing with the difficulty in Scotland would 
bo to strengthen the Courts of the Universities, assimilating them 
more and more to the Councils of the recently-founded Colleges, 
entrusting them with such powers as would obviate the necessity, 
every time altering circumstances demanded slight changes, for 
calling the whole legislative machinery of the State into operation. 

What we need in this country is the creation of schools of 
chemistry, in which, as in the great Universities of the Continent, 
every branch of the science should be taught, which should possess 
ample laboratories, thoroughly equipped for the prosecution of 
research. 

What is the consequence of our neglect of the higher branches 
of chemistry? Our students go abroad to receive their educa- 
tion, or, if they remain at home, receive an education which, 
so far OS theoretical training is concerned, is limited to the rudi- 
ments of inorganic chemistry, and, so far as practical work is con- 
cerned, is limited to a merely analytical training. In Scotland we 
sec with indifference, and even with complacency, our best students 
repair to the English Universities for that education in classics, 
literatui*e, and mathematics which our own Univei'sities ought 
to afford them. But the case is worse with our science students. 
They cannot got the education they require even in England, and 
aiH) forced to seek it abroad in the laboratories of Germany or 
Switzerland. 

Still our Universities make no movement. Cambridge and 
oven Oxford have begun to bestir themselves, and now offer great 
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inducement to students of science, and probably we shall soon see 
our best students resort thither for natural science, as they do at 
present for Classics and Mathematics. 

In the case of the older learning the rich patronage, rather than 
the superior training, may be alleged as the cause which drawB our 
students to the south. Science needs no such patronage. If our 
Universities provide the proper training, our manufacturers will 
prove more munificent patrons than the Church or the Colleges. 

We constantly hear of the industries of this country being 
supplanted by those of the Continent. There is one industry 
which has certainly passed completely from us, the industry of 
higher teaching. It is surely a disgrace to this country that there 
are at this moment in the continental schools, a number of English 
students sufiicient to maintain several thoroughly equipped schools 
of chemistry. 

The cause of the backward condition of chemistry in this country 
is plain; it is want of teaching. The remedy is plain; provide 
more teaching; encourage research. It will pay twice over. It 
will benefit our manu^tures. It will, provide a body of skilled 
chemists throughout the country. It will by increasing the number 
of students, increase the number of professional chemists upon whom 
the progress of the science is in every part of the world so largely 
dependent. 

I have spoken of practical researches, and had intended to say 
something upon the value, even from a practical point of view, of 
theoretical researches in chemistry, and of the great need of 
encouraging them in this country. Chemical theory is in anything 
but a satisfactory condition. Look, for example, at our chemical 
equations, which are every day becoming more and more dis- 
credited, and to which slavish adherence, and of which ignorant use, 
have sometimes led to disastrous results. There is a 'great field 
for useful research to supply the experimental data whereby the 
present statical may be replaced by dynamical equations. The 
mischievous and misleading use of structural formulae, too, urgently 
calls for correction. In Germany, even more than in this country, 
the abuse of the theory of the Benzol ring, and the method of 
representing the relation of the isomeric series of aromatic com- 
pounds to one another, is rapidly degrading organic chemistry from 
the position of a science to that of a mere mechanical puzzle. 

The second great want which the statistics given at the outset 
revealed was a want of such researches as involve a kno^l^^ ^^ 



i 



174 Philosophical Society of Glasgow. 

more sdences than chemistry. Take up any recent text-book of 
Physiology or Agriculture, or of any science which is at all depen- 
dent for its progress upon chemical research, and you will find 
that nearly all recent advances have been achieved by foreigners. 
The reason of this is obvious. Chemists abroad are trained in the 
Universities and receive a liberal education, and many of them 
acquire the requisite knowledge for the prosecution of researches 
of this class. With us a chemist seldom seeks the University, but 
picks up his knowledge wherever ho can, and only rarely trsTels 
beyond the domain of his own science. The remedy in this case 
is the same as in the case of organic chemistry. We must provide 
a more liberal education for our chemists. 

We have been accustomed for many years to the cry that con- 
tinental manu&tcturers are beating us out of all the markets, and 
the answer this country has given is the appointment of the 
Chemical Commission. With regard to much of the outcty I feel 
inclined to quote the words of one of our most eloquent writers : — 
" Happy is that people whose commerce flourishes in ledgers, while 
it is bewailed in orations, and remains untouched in calculation, 
while it expires in the pictures of eloquence." But with regard 
to one class of manufactures the cry is but too amply justified ; I 
mean those manufactures that involve the application of chemistry. 
What, then, is the cause of this ? Is it that our countrymen do 
not possess the necessary talent and genius f Surely not Look 
back upon the history of chemistry for the last hundred years, 
and I think we can show as proud a list of illustrious names as 
any nation. In such matters we must take wide -views, we must 
not confine oui-selves to any short interval of time. But who will 
venture to say that there are not even now in this country men 
whose names will rank high in the history of the science? It is 
not when the picture is fresh from the hand of the painter, and 
the disputes of schools rage round it, that its true worth can be 
estimated. So it is with our great men. It is only when phiced 
in the long gallery of time, and when seen by the sober light of 
ages, that their proper place in history can be assigned Assuredly 
the chemical genius of this country is not now, if I may be allowed 
to use a chemical illustration, a mere caput mortuum from which 
all that was valuable has been distilled away. 

It is not in original minds, it is not in original investigators that 
this country is deficient, but in that other class of more laborious in. 
vestigators, upon whom science is no less dependent for its advance. 
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I have endeavoured to point out the remedy for our defects. 
Possibly it would have been applied long ere this, had it not been 
that it has been too often sought in the wrong direction. The 
association of the perfection of continental manufactures with an 
elaborate system of technical education has led people in this 
countiy to assume that in every case in which wo are inferior our 
inferiority must be duo to the want of technical education. 

Granting that in other branches of industry, whatever they 
may be, technical education is to have the credit, assuredly it 
is not entitled to it in the case of chemistry. 

The great schools of chemistry in Germany are within the Uni- 
versities. The great discoveries in chemistry have been made, not in 
tho technical schools but in the Universities, and by men who have 
been trained in the Universities. The large number of educated 
chemists employed in the great chemical works throughout Germany 
are supplied, not by the technical schools but by the Universities. 
Our students when they go abroad to study chemistry, repair 
not to the technical schools, but to the Universities. And I 
believe that the supenority of the German chemist over other 
German manufacturers is in great measure due to this fact, that 
he has been trained in the Universities, which are the least German 
of all German Institutions. The characteristic of their schools, of 
all branches of their public service, is uniformity, routine; the 
characteristic of their Universities is freedom — freedom to the 
teacher, and freedom to the taught. 

If, then, we wish to emulate the Germans, we ought to educate 
our chemists with the same liberality, not necessarily in Universites, 
but where they will receive an education as broad and as thorough 
as that which they receive in the German Universities. If our 
Universities will not or cannot do this for them, let us have 
Institutes like that of Prof. Fresenius in Wiesbaden. 

But do not let us be led away by those who would have us 
believe that the Science and Art Department does all that is 
required. It does good where it does not interfere with the 
ordinary school education of the country, but its work is almost 
entirely elementary'; and while it does much to spread a know- 
ledge of chemistry amongst the people, it does almost nothing for 
the progress of the science. Do not let us, on the other hand, 
be led away by those whoso naiTOw and contracted notions would 
lead them to prefer a technical to a scientific education. 

I have argued chiefly from the practical point of vi^^ \ \. 
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might have taken higher ground. We spend annually vast sums 
of money in promoting the study of languages and literature. 
These are cultivated entirely for the value which they are sup- 
posed, and rightly supposed, to possess in themselves. 

Is chemical science then less worthy of cultivation for its own 
sake? Surely it is one of the best of all instruments of education, 
and one of the noblest of all studies, as well fitted to train the 
mind and to refine the intellect as tlie study of any branch of 
art or of literature. 
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XVI. — Notes on the Analysis of Commercial Carbonate of Potash. 

By Robert Thomson. 



[Read before the Chemical Sectiou, 14th January, 1884.] 



The subject of this short paper, as announced by the billet, is 
** Notes on the Analysis of Carbonate of Potash," but to-night I 
intend to confine my remarks to the methods of reporting one or 
two of the impurities generally present in commercial carbonates. 

The impurities generally met with are chlorine, sulphuric and 
phosphoric acids, silica, alumina, oxide of iron, and soda, and it is 
to the first and last of these — chlorine and soda — and their state 
of combination, that I wish to direct your attention in this short 
communication. 

In the analysis estimations are made of potash, chlorine, 
sulphuric and phosphoric acids, alkali, silica, alimiina, and oxide 
of iron, insoluble matter, and moisture. Regarding the processes 
to be used in estimating these substances, I do not suppose there 
is much diversity of opinion, with one exception perhaps — the 
potash — but I believe from time to time controversies have arisen 
among chemists as to the manner of reporting some of the 
impurities. Some analysts calculate the chlorine aud sulphuric 
acid found to sodium salts, this, I have been told, being often done 
in Gennany, and I know of two English chemists who report in 
this way. Others, going on the assumption that the strongest 
acids are combined with the strongest bases, report these impurities 
as sulphate and chloride of potassium, this being the custom in the 
City Analysts' Laboratory here. 

The following are the methods of calculation and fonn of report 
there in use: — To the sulphuric acid, chlorine, and phosphoric 
acid are allotted their respective quantities of potash, the rest of 
the potash being calculated to carbonate. The potash as carbonate, 
and, when litmus is used in estimating the alkali^ t^oAkvt^ ^V 

Vol. XV. M 
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that combined with the phosphoric acid, is deducted from the total 

alkali, the remaining alkali being calculated to sodium carbonate. 

The other impurities are simply brought to per cent The form 

is: — 

Carbonate of Potash, percent. 

Sulphate of Potash, 

Chloride of Potassium, 

Phosphate of Potash, 

Silica, Alumina, and Iron Oxide, 

Insoluble Matter, 

Moisture, 



When the carbonate of potassium leaves the furnace there will 
often be a small quantity of sulphate left unreduced, which will 
account for the presence of sulphuric acid, but with the chlorine 
the case is different, the greater portion of this impurity being 
sometimes intentionally introduced in the form of sodium chloride. 
Owing to the fact that tliere is some difficulty in getting a higher 
price for, say 93 or 95 \yQY cent, carbonates than for those contain- 
ing only 90 per cent, carbonate of potassium, some manufacturers 
are in the habit of adding common salt in order to reduce them to 
the standard figure — 90 per cent. — in cases where the strength is 
much above that. This not only lowers the percentage of 
carbonate of potassium, but, as I propose to show, destroys a 
portion of it, forming chloride of potassium and carbonate of 
sodium. 

Recently I heard of a case in which great objection was itiised 
to the form of report used by Mr. Tatlock, and the results of the 
following experiments were brought forwai'd as proof that that 
method of reporting carbonates was wrong: — 

Equivalent quantities of carbonate of potassium and chloride of 
sodium were dissolved in water, the solutions mixed, and the alkali 
neutralised with diluted sulphuric acid. The solution was evapo- 
rated, and a crop of crystals separated, the composition of which 
was said to be pure, or nearly pure, sulphate of potassium. Like 
quantities of carbonate of sodium and chloride of potassium were 
treated exactly as above, the crystals obtained here being said to 
consist of practically pure sulphate of sodium. The experimenter 
apparently wished to show that in the one case the carbonate of 
potassium and in the other the carbonate of sodium was simply 
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neutralised by adding the sulphuric acid, and that no further action 
took place. 

It was after hearing of this that I was asked by Mr. Tatlock to 
undertake a few experiments, and try if possible to ascertain 
whether the chlorine remained in combination with the sodium, 
or formed chloride of potassium, with production at the same time 
of carbonate of sodium. 

1. For this purpose I took carbonate of potassium and chloride 
of sodium in their equivalent proportions, dissolved them, and 
mixed the solutions in a large basin. The solution was evaporated 
till crystals began to form, when the heat was withdrawn, and the 
basin and contents allowed to cool. A large crop of crystals sepa- 
rated, from which the mother liquor was nm off, after which they 
were quickly washed with cold water, strained as fi-ee from liquid 
as possible, then dried between folds of blotting paper. Of the 
salts so dried I selected a fair sample, from which the water was 
entirely removed by heat. On analysis, the following was found 
to be the composition : — 

Chloride of potassium, ... 91 *2 per cent. 

Carbonate of soda, 8*6 

Not estimated, '2 



it 



100 



If the alkali be calculated to carbonate of potassium, 1 1 '2 per 
cent is obtained; but even though that salt were present, there 
still remains 79 per cent, chloride of potassium. 

2. In order to find out whether the results were similar when 
carbonate of sodium and chloride of potassium were used, like 
quantities of these two salts were treated exactly as in the previous 
experiment. After drying as before, the crystals got in this case 
gave the following figures : — 

Chloride of potassium, 68 '8 per cent. 

Carbonate of sodium, dO'8 

Not estimated, 4 






100 



When the alkali found here is calculated to carbonate of potas- 
sium it gives a percentage of 40*2, but that it is carbonate of 
sodium and not carbonate of potassium is, I think, proved by the 
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following experiments: — A quantity of the crystals was dried, first 
in the water bath, then by gentle ignition, and the weight noted. 
The capsule containing the dried salts was left freely exposed to 
the air, and, after several days, the increase in weight observed. 
This was found to be not more than 3 per cent. A mixture of 60 
per cent, of the chlorides of potassium and sodium, and 40 
per cent, of carbonate of potassium, when similarly exposed for 
the same length of time, increased in weight to the extent of 21*8 
per cent. I show samples of the salts got in experiments 1 and 
2, which have been lying in the open air of the laboratory for a 
week, and instead of any appearance of deliquescence, there is 
abundant indication of efflorescence in both specimens. 

The following two experiments are repetitions of those mentioned 
near the beginning of the paper, and I may state they were done 
at the request of the objector to Mr. Tatlock's method of reporting 
there referred to : — 

3. Carbonate of potassium and chloride of sodium, as in my 
first experiment, were dissolved, the solutions mixed, and the whole 
neutralised with dilute sulphuric acid. The solution was evapo- 
i*ated till crystals began to form, when it was allowed to cool. 
The mother liquor was decanted off, and the crystals quickly 
washed with cold water, after which they were dried. On exami- 
nation they were found to be the double sulphate of potassium and 
sodium (K3Na2S04), the so-called "plate sulphate" of commerce. 
The composition was as follows : — 

" Plate sulphate, " 95*5 per cent. 

Sulphate of sodium, 3*4 

Chloride of sodium, '9 

Not estimated, '2 






100 



4. A result almost exactly similar was obtained by using car- 
bonate of sodium and chloride of potassium, neutralising the mixed 
solutions, and so on, going through the same operations as in the 
above experiment. Tlie salt obtained gave on analysis: — 

"Plate sulphate," 

Sulphate of sodium, 

Chloride of sodium, 

Not estimated, 
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The results of these experiments, I think, throw a little light 
on the question at issue. It is pretty evident that when carbonate 
of potassium and chloride of sodium come together in solution 
double decomposition takes place, the strong acid combines with 
the strong base, leaving the weaker acid to combine with the weak 
base. I believe that in different experiments with these two salts 
the crystals got by evaporation will vary as to the percentage of 
chloride of potassium and carbonate of sodium according to 
circumstances. What these circumstances may be I am not 
prepared to say, but I think it likely that the degree of concentra- 
tion of the solution when the evaporation is stopped may have 
some effect. Lately, when I began these experiments, I obtained, 
on evaporating a mixed solution of the salts, crystals which con- 
tained 31 -7 per cent, carbonate of sodium. These had merely been 
dried between folds of blotting paper, and after standing for an 
hour the alkali was estimated. On longer standing, the bulk of the 
crystals began to effloresce, and judging from my other experiments, 
I am of opinion that they consisted of crystallized carbonate of 
sodium and a little chloride of potassium. They were mislaid, 
however, else I would have made a more complete examination 
of them. 

In experiment 1 the evidence in favour of the theory that the 
strong acid unites with the strong base is pretty conclusive, as 
when looked at in its most favourable aspect the analysis shows 
91 per cent, chloride of potassium in support of it; and even taking 
the worst view of the case, there still remains 79 per cent, of the 
chloride. The presence of carbonate of sodium is, of course, just 
as good proof that double decomposition has taken place as the 
presence of chloride of potassium. In the second experiment, 
were it not certain that the alkali exists as carbonate of sodium, 
the evidence would not be so strong, but even at the lowest 
estimate there is no denying that there is 25 per cent, of chloride 
of potassium present. A small quantity of chlorine is reported in 
analyses 3 and 4. Whether this is combined with potassium or 
sodium would be very difficult to decide, as, owing to the sulphuric 
acid being combined partly with the potassium, partly with the 
sodium, there must necessarily be a quantity of both chlorides in 
in solution. This, however, is a matter of little consequence. 
These two experiments were intended by their proposer to prove 
that when a solution containing carbonate of potassium and 
chloride of sodium is neutralised with sulphuric acid^ '^\xt^^\:i\^'dX/& 
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of potassium /separates on evaporation, and pure sulphate of 
sodium, when carbonate of sodium and chloride of potassium are 
similarly treated. From these results one is expected to infer 
that carbonate of potassium and chloride of sodium do not react 
on one another in solution. My experiments, as I have shown, 
do not confirm the production of the pure sulphates under these 
circumstances, as *' plate sulphate " was obtained in both cases. 
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XVII. — A New Process /or the Separation of Nickel and Cobalt, 

By John Clark, Ph.D., F.C.S., F.I.C. 



[Read before the Chemical Section, 26th November, 1883.] 



In 1879 Dirvell published a process for the separation of Nickel 
and Cobalt (Chemical News, vol. xl., p. 268), based upon the pre- 
cipitation of the cobalt as ammonio-cobaltic phosphate, by means 
of microcosmic salt and bicarbonate of ammonia, prepared by 
saturating effloresced carbonate of ammonia with carbonic acid 
till all ammoniacal smell is gone. In carrying out the process he 
adds to an aqueous solution of the nitrates or sulphates of cobalt 
and nickel a quantity of cold saturated solution of microcosmic 
salt equal to 30 times the weight of the two metals, and a volume 
of bicarbonate of ammonia equal to that of the microcosmic salt. 
The mixture is slowly heated till the equivalent of carbonic acid 
in excess escapes, ammonia is then added to dissolve the pre- 
cipitate, and the solution is heated till the ammonio-cobaltic 
phosphate separates as a precipitate of a beautiful purple colour, 
inclining to violet, which is found by analysis to have the follow- 
ing composition:— (NH4O, 2CoO PO^ + 2HO) = Co NH^ PO^ + 
H^O — and by ignition is converted into pyrophosphate of cobalt 
Co, PjOy. The nickel remains in solution, communicating to 
it a clear, blue colour, and is only pi*ecipitated after protracted 
boiling. Dirvell states further that M. Pisani, in whose labora- 
tory the experiments had been made, had found that acetate of 
ammonia could be used instead of the bicarbonate of ammonia, 
and he gives certain directions for ascertaining approximately the 
proportions of cobalt and nickel from the colour of the solution. 

So far as I am aware, Dirvell has not published any of the 
results which he obtained by this method, and in endeavouring to 
carry out the process in the manner described I found that when 
microcosmic salt and bicarbonate of ammonia were employed, it 
was very difficult to precipitate the whole of the cobalt^ or «A\sy^ 
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times even to precipitate a portion of it. With the acetate of 
ammonia and microcosmic salt the process worked better, but still 
unsatisfactorily. It appeared to me, nevertheless, that the process 
might be improved, and with that object I made a number of 
experiments, in the course of which I found (1) that phosphate of 
ammonia was the most suitable substance for precipitating the 
cobalt, but ordinary phosphate of soda can also be used ; (3) 
in estimating the cobalt it is not necessaiy to use bicarbonate 
of ammonia or acetate of ammonia, as chloride of ammonium, 
nitrate of ammonia, and sulphate of ammonia do equally well with 
the acetate, and l)etter than the bicarbonate ; (3) in the case of 
phosphate of ammonia, it is only necessary to use a little more 
than what is theoretically required to precipitate both cobalt and 
nickel as phosph.ate, but when phosphate of soda is employed a 
much larger quantity is necessary ; (4) I can confinn the correct- 
ness of the formula given by Dirvell to the ammonio-cobaltic 
phosphate and pyrophosphate of cobalt. 

Process. — In separating cobalt from nickel I proceed as follows: 
— The solution containing the two metals in the foim of chlorides, 
nitrates, or sulphates is mixed with an excess of phosphate of 
ammonia (about 5 times the weight of the combined cobalt and nickel 
is amply sufficient), and for every part of phosphate of ammonia 
about 5 parts of ordinary hydrochloric acid are added, and the 
mixture is boiled for several minutes, to make sure that all the 
phosphoric acid is present as ortho-phosphoric acid. The beaker 
or other vessel is then removed from the flame, and while still 
nearly boiling ammonia is added cautiously in small quantities 
at a time till the precipitate which is at first produced redissolves. 
The solution is then stirred vigorously for about a minute, when 
the cobalt will separate out as a fine purple crystalline powder, 
consisting of ammonio-phosphate of cobalt. About 10 drops of 
ammonia are then added, and the beaker placed for a few 
minutes on the top of a water bath. When the precipitate has 
settled it is thrown upon a filter, washed with cold water, then 
ignited and weighed as pyrophosphate of cobalt (Co^ P.^07), con- 
taining 40*4 per cent, of cobalt. The filtrate from the cobalt 
will be more or less of a clear blue colour, the intensity of which 
will depend on the quantity of nickel present. 

As the filtrate generally contains a small quantity of cobalt, 
it is advisable to boil the filtrate till a little of the nickel begins 
to come down. This precipitate, which will be more or less red 
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in colour if it contains any cobalt, is filtered off, dissolved, in 
HCl, and the cobalt estimated as before, and the filtrate which 
contains nickel is added to the other nickel filtrate. From this 
solution the nickel may be precipitated by saturating the ammoni- 
acal solution with H^S filtering off the sulphide of nickel, igniting 
it, then dissolving in a mixture of HCl and HNO^, precipitating 
with caustic potash, and weighing as oxide. 

The following experiments were made for the purpose of testing 
the accuracy of this process, and as there is nothing new in the 
method of determining the nickel, I confined myself for the most 
part to the estimation of the cobalt : — 







Cobalt taken. 


Nickel taken. 


Weight of Pyrophos- 
phate of Cobalt. 


Cobalt 
fonnd. 


Nickel 
found. 


I. 


Exp.- 


—2 "94 grains. 


1 *8 grain. 


7*52 grains. 


305 




II. 




2-94 




1-8 




7-28 




2-94 




III. 




1-83 




2 




4-96 




1-89 


— 


IV. 




4-20 




4 




10-49 




4-23 


— 


V. 




3-67 




•5 




909 




3-67 


•53 


VI. 




4-20 




•2 




10-38 




419 


•23 


ni. 




•18 




2 




•45 




•18 


— 



An experiment in which sulphuric acid was used instead of 
hydrochloric acid gave the following result : — 



Cobalt taken. 



NlckPl tflkon Weight of Pyrophos- Cobalt Nickel 

iMicaei laiccn. phate of Cobalt found, found. 

2 '94 grains. 2^1 grains. 7*30 grains. 2^95 — 

With nitric acid instead of hydrochloric acid the following 
result was obtained: — 

NirkPi tftkpn Weight of pyrophos- Cobalt Nickel 

xsicKeiia«en. phate of Cobalt. found, found. 



Cobalt taken. 

2*94 grains. 1 *00 grains. 



7*35 grains. 2 97 



In addition to the above experiments, I have made a great many 
estimations of cobalt and nickel in cobalt ore by this process, and 
I am satisfied that it yields accurate and reliable results not only 
with large quantities of cobalt in presence of small quantities of 
nickel, but also with small quantities of cobalt in presence of large 
quantities of nickel. I may mention that I have had occasion to 
submit this process to several chemists to be used in the valuation 
of cobalt ores, and after trial they have admitted that they were 
satisfied of its accuracy, and preferred it to any process which they 
had used. I may also add that it has been in constant use in a 
cobalt work for about a year, and that the chemist of the work^ 
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after comparative trials, has discarded the other prooesseB in its 
favour. 

In estimating cobalb and nickel in ores, I prefer to precipitate 
these metals as sulphides in an acetic acid solution, and great care 
requires to be taken to eliminate manganese, as that metal inter- 
feres with the correct estimation of the cobalt. The mixed sul- 
phides, after ignition, are weighed for the purpose of ascertaining 
approximately the quantity of cobalt and nickel then dissolved in 
nitro-hydrochloric acid, and the cobalt estimated in the manner 
described. 
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XVIII. — Endless Solenoid Galvanometer and Voltmeter, By 
Professor James Bltth, M.A., F.RS.E. 



[Read before the Society, 30th April, 1884.] 



The instrument consists of a close spiral of insulated copper wire, 
about two inches in diameter, bent into the form of an anchor 
ling, so as to constitute an endless solenoid. The coil is placed in 
a groove of square section turned on the edge of a ring of brass or 
wood of suitable thickness and diameter, and is fixed therein by 
passing a fine cord two or three times through its convolutions, 
then pulling the ends tight and knotting them firmly together. 
In this way the convolutions of the spiral are close together on 
the inside of the groove, but a little wider apart on the outside, 
leaving V-shaped gaps between them. At both ends of the 
spiral short-lengths of wire are left straight, which, after being 
well insulated, are twisted together and led to two terminals 
which serve as electrodes. 

The ring containing the endless solenoid is fixed with its plane 
either vertical or horizontal, as may be found most convenient. 

A short magnet is provided, rigidly attached at its centre to 
the lower end of a fine stiff wire. This magnet is suspended, by 
means of a silk fibre passed through a fine hole in the upper end 
of the wire, so as to have its centre in the circular centre-line of 
the anchor ring formed by the spiral. To the upper end of this 
wire is attached a long glass fibre or other pointer, which moves 
over a disc graduated to degrees, or to show amperes directly. 
When the plane of the containing ring is vertical, the graduated 
disc is placed horizontally with its plane tangential to the ring: 
when the ring is horizontal, a graduated sector is attached horizon- 
tally to its upper face. 

Where weak currents only are to be measured the suspended 
magnet is allowed to move simply in the field of force due to the 
earth's magnetism, and we get the following equation for deter- 
mining the current strength; it being understood that the len^k 
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of the magnet is very small compared with the other dimensions 
of the coil : — 

Let n = the number of convolutions of the spiral, 
r = the radius of the circular centre line, 
// = the horizontal intensity of the earth's magnetism, 
C = the current strength, 
= the angle of deflection, 

then cos 6 = II sm 

r 

Ur 

C = 75— tan e 

2n 



From this it will be seen that the galvanometer constant, 

T 

admits of easy and accurate determination, seeing that it depends 
only upon the values of n and r, the one of which is got by simple 
counting, and the other by careful measurement. 

When strong currents are to be measured, the suspended magnet 
is made to move in a field of force of greater intensity than that 
due to the earth's magnetism. This is obtained by a permanent 
magnet of suitable form and dimensions placed so that the sus- 
pended magnet hangs in the line joining its two ix>le8. When 
this is done, in order to get the current strength, we must replace 
H in the above equation by its value increased by the value of the 
intensity of the field due to the permanent magnet — a quantity 
which admits of experimental determination. In practice, how- 
ever, with a controlling magnet, the constant of the instrument 
will be most easily determined by passing a known current 
through it and observing the deflection of the needle. 

When the plane of the ring is vertical or horizontal, the con- 
trolling magnet is simply an ordinary horse-shoe magnet, placed 
either vertically or horizontally, so as to clasp the ring with its 
[)oles opposite the suspended magnet. This form is shown in 
Fig. 1, Plate II. 

A slightly different form is shown in Fig. 2, Plate II. In this 
case two short magnets are rigidly attached to the same axis, so 
as to form an astatic system. The distance between the magnets 
is so adjusted, that, when the whole is suspended by a silk fibre, 
the upper magnet has its centre in the centre of the spiral coil, 
while the lower projects a little below the under surface of the 
containing ring. The controlling magnet is then fixed so as to 
have the lower magnet exactly between its poleS; and in this way 



T^eadinpsoflliilos^ihicalSoa/iti-^f'^ 




Professor Blyth on Endless Solenoid Galvanoiiieter^ dsc, 189 

acts solely, or at least mainly, on the lower magnet. A convenient 
magnet for this purpose consists of a steel bar bent so as to form 
one convolution of a helix, its ends being kept at the requisite 
distance apart, as represented in Fig. 3, Plate II. 

This form of magnet admits of its being placed in the proper 
|)08ition relatively to the lower magnetised needle, without, at the 
same time, projecting at any part from below the containing ring. 

This form of galvanometer has one distinct advantage over all 
others in which permanent controlling magnets are used. In 
them the current, in the act of being measured, creates a magnetic 
field of its own, which acts upon the magnetism of the controlling 
magneta This action, often repeated, tends to produce greater 
variations in their magnetism than that due merely to their 
-natural want of magnetic rigidity ; and hence, in time, must produce 
serious alteration in the constants of the instruments. With the 
endless solenoid, however, no such effect can take place, seeing 
that, when the current circulates in it, it becomes a closed mag- 
netic sheU, and, in consequence, can exert no magnetic force at 
any point outside itself. Hence, when the constant is once care- 
fully determined, the mere use of the instrument tends to produce 
no change in it, and any change which takes place must be due, 
either to avoidable accident, or to the natural disturbance which 
takes place in the magnetism of even the best made permanent 
magnets. 

To avoid altogether the use of a controlling magnet, I have, in 
one form of the instrument (Fig. 4, Plate II.), replaced its directive 
action on the needle by that of a spring, which may either be a 
flat helical spring, like the hair-spring of a watch, or a cylindri- 
cal spiral like the balance-spring of a chronometer. In this form, 
the axis carrying the magnet, or astatic system, is pivoted between 
agate cups. The spring is placed a little above the upper surface 
of the containing ring, and has one end attached to the axis carry- 
ing the magnetised needle, while the other is attached rigidly to a 
suitably-placed support In this way the turning action of the 
spring on the axis is exactly similar to the action of the hair- 
spring on the balance-wheel of a watch. A long pointer is 
attached to the upper end of the axis, and is set so that the angle 
between it and the magnet is 45°. In this way the pointer can 
sweep over a sector having an angle of 90°, which allows it 
to be made of considerable length and the length of the scale 
divisions proportionally great. In fact, if r - the radius of the 
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circular centre-line of the spiral coil, the length of the pointer is 
r J 2 when the angle through which it turns is 90'. 

When a current is sent through the solenoid the needle is 
deflected, until the couple, due to its electro-magnetic action in the 
needle, is balanced by that acting on the axis due to the flexural 
rigidity of the spring. The angle of deflection shows the current 
strength, and, for greater convenience, the scale is gi*aduated so 
as to indicate amperes directly. With a delicate spring, weak 
currents can be measured in this way. To measure strong currents 
with the same spring an arrangement is provided (Fig. 5, Plate III.) 
whereby the attachment of the outer end of the spring can be 
rotated through known angles, sts indicated by a separate and 
shorter pointer. In this way a greater electro-magnetic force is 
required to produce a given deflection of the needle, and, in conse- 
quence, stronger currents can be read. For each position of the 
short pointer a constant is experimentally determined whereby 
the indications of the long pointer are made to show the true 
current I have also aiTanged a slight modification of this form^ 
which will sometimes be found more convenient. In it the long 
pointer is placed parallel to the magnetised needle, and by rotating 
the outer end of the spiral spring is always brought back to the 
same position, that position being such that the magnetised needle 
is perpendicular to the circular centre-line of the spiral coil. The 
position of the second pointer then shows the curi'ent strength. 
When this is done, the position of the magnetised needle is always 
such that the couple, acting upon it, due to the electro-magnetic 
action of the current, is greatest. 

In the arrangement with a spiral spring, a magnetically astatic 
system can be dispensed with by simply tilting the plane of the 
containing ring to such an angle that the axis carrying the mag- 
netised needle is parallel to the line of the dip. When this is 
done the needle moves in a plane at right angles to the lines of 
force due to the earth's magnetism, which, in consequence, has no 
action upon it. 

The voltmeters are constructed precisely on the same plan as 
the galvanometers, the only difference being that the spiral is 
made of very fine wire, so as to introduce the requisite great 
resistance. 
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XIX. — Abstract of Paper on the Chemical Constitution of the 
Methyl and Ethyl Alcohols^ as also of tlieir numerous Oocida- 
tion Products and Derivatives, viewed and interpreted from 
tJie standpoint of the ^^ Typo-Nu^leus " Theory. By Otto 
RiCHTBR, Ph.D. 



[Read before the Chemical Section, on 7th January, 1884.] 



According to the author, the action of oxidising agents upon 
the methyl and ethyl alcohols gives rise to two typically distinct 
groups of derivatives, inasmuch as the members of the first 
group arc all constructed upon the type of a univalent basic 
hydrogen nucleus, Hj; while the members of the second group are 
all constructed upon the type of a bivalent acid carbon-nucleus, 
C4. The annexed scheme is intended to exhibit these theoretically 
most interesting and important relations. 

A. Formyl System. — Parent Mol. Methan., 2H4C2: Basic de- 
rivatives — the methyl and formyl alcohols, with the respective 
formulee H3C3 ; HjOj and Cj ; HjOg. Acid derivatives — the 
biformous, biformic, and biformoic acids, with the respective for- 
mula 2H ; C, - 2(H03) - 2H ; CA - 2(H0j) and 2H ; CA - 
2(H0,). 

B. Acetyl System. — Parent MoL Ethan., 211^Q^'. Basic deri- 
vatives — the ethyl, acetyl, and carbyl alchols, with the respective 
formulas HA; HgOa-f-HA* HjO, and C^; HjOj. Acid deri- 
vatives — the biacetous, biacetic, and biacetoic acids, with the 
respective formula 2HA; O4 - 2(H02)-;-2(HA); CA- 2(H0,) 
and2HA; CA-2(H0a). 

With reference to the preceding scheme, the author has been 
led to deduce the general law; namely — that the hydrocarbons, 
from the simplest to the most complex, are, each and all, capable 
of entering into direct chemical union with a hydrogen or bicarbon 
nucleus, and that, in this union, two mol. of the former kind are 
invariably taken up by one mol. of the latter kind. With this 
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all-important law to guide him, the author then proceeds to en- 
quire more minutely into the origin and mode of formation of 
the two alcohols in question. Commencing with the methyl 
alcohol, he has good reason for believing that it is a product of 
the direct union of oxygen with hydride of methyl, or so-called 
methan, which claims, therefore, to be regarded as the true parent 
mol. of that alcohol. We know also that, with the aid of hydrate 
of potash, lignin and other amylaceous substances, after becoming 
converted into grape sugar, are found to yield our alcohol ac- 
cording to the equation, 2[(a; Rfi.;)^4:{Ci; HA)] + 12(KH02) 
= 2(HA; HA) + 2H; C46, - 2(ko.,) -t- 2H3a ; CA-^CKO^) 
+ 2CA - 4(ko.>) + 8H2. In this reaction, i(K110^) resolve 
themselves first of all into 2Ks02 and 2H2O2, whereupon the two 
water mol., by reacting upon two mol. of lignin, ti-ansform that 
compound into four mol. of grape sugar, (Ca; HjOa^-Cai HA^ 
Oj ; HjOa), which are speedily made to resolve themselves into six 
mol. of biformyl alcohol (Co; HjOg^Cg; HgOg). Two of these 
latter mol. are then made to split up into four mol. of water and 
the modified bicarbon nucleus, 2C2; C4, which, by reuniting with 
these four water moL, gives birth to a mol. of biacetic acid. In the 
next stage another couplet of these biformyl alcohols breaks up 
into four water mol. and two bicarbon-nuclei, which, by reuniting 
with the four water mol, engender two mol. of biformous acid. 
Again, one of the two remaining biformyl alcohols breaks up into 
two mol. of water and a bicarbon-nucleus, which, by reuniting 
with the two water mol, gives rise to a mol. of biformous acid, 
while the other mol. of biformyl alcohol resolves itself into two 
mol. of formyl alcohol Finally, the elements of two water mol 
being shared between these two mol of formyl alcohol and the 
bicarbon-nucleus, the end products will be two mol of methyl 
alcohol and one mol. of biformic acid. It is scarcely necessary to 
add, that the eight mol of hydrogen gas derive from the decom- 
position of eight water mol, whose oxygen serves to convert the two 
abovementioned biformous acid mol. into two biformoic acid mol 

In passing on to enquire into the origin and mode of foimation 
of the ethyl alcohol, the author has good reason for believing that 
it is a product of the direct union of oxygen with hydride of ethyl, 
or so-called ethan, which claims, therefore, to be regarded as the 
true parent mol of that alcohol. We know also that it is one 
of the chief products in the fermentation of grape sugar. In this 
process two mol of grape sugar conspire towards the formation 
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of two moL of ethyl alcohol and one mol. of biformoic acid, ac- 
cording to the equation, 2(02; HaOj-'Ca; HgOs'—Ca; HjOj)^- 
HA = 2(H4C4 ; HA) + 2H ; C4O8 - 2(H02). The rationale of this 
interesting metamorphosis is believed to be as follows: — ^The first 
stage is marked by the formation of a bicarbon-nucleus, for which 
the material is fumislied by those two component formyl alcohols 
that occupy the third or highest place in the system. Accordingly, 
tlie said alcohols resolve themselves into two mol. of water and 
two mol. of formen, C^, which become immediately condensed 
into the bicarbon-nucleus, C4. In the second stage the two re- 
sidual biformyl alcohols speedily combine as inner adjuncts with 
that bicarbon-nucleus so as to yield the compoimd, 2(0.^; HjOj^ 
C.>; HjOo; C4). In the third stage the elements of the first water 
mol. unite as inner and outer conjuncts with the modified bicarbon- 
nucleus with formation of a moL of biglycerous anhydride, 2 
(C2; HoOa^Co; HA); 2H; C4O2; when the latter, by combining 
with the second water mol., gives rise to a moL of biglycerous 
acid, 2(0,,; HA-'CV,; HA)» 2H; C4-2(H02). In the fourth 
stage the two colligated biformyl alcohols resolve themselves into 
two mol. of carbyl alcohol, C4; H3O, and two mol. of water, when 
the resulting product will be expressed by the formula, 2(04; 
HoOo), 2H; C4- 2(H02). In the fifth stage, the hydrogen of two 
water mol., by uniting with the two mol. of carbyl alcohol, gives 
birth to two mol. of acetyl alcohol, while the oxygen serves to 
convert the biformoiis acid into biformic acid. The resulting 
product will, therefore, be expressed by the formula, 2(HaC4; 
H2O2), 2H ; C4O4 - 2(H02), which proves it to be identical with 
oi'dinary bilatic acid. It deserves special notice that, up to this 
j)oint, the molecular changes which accompany vinous fermentation 
are precisely the same as those which accompany lactic fermenta- 
tion, but, from that point upwards, the two processes differ from 
each other in this important particular that, in the former case, 
^he elements of two water moL are yet brought into the field of 
action, so as to transform the bilactic acid into two mol. of ethyl 
alcohol and one mol. of biformoic acid, whereas, in the latter case, 
the bilactic acid suffers no further change and may be secured by 
the ortlinary methods. 
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XX. — On the tise o/LUmu8y Rosolic Acid, Methyl Orange^ Phen- 
acetolin, and Phenolphthalein as Indicators. Part III. By 
Robert T. Thombon. 



[Read before the Chemical Section, 11th February, 1884.] 



The following notes are a further continuation of my former 
papers on the same subject : — 

/. — Determination of small proportions of hydrate in presence of 
large qiiantities of the carbonates and other comport nds of 
sodium and potassium. 

There are excellent processes for the determination of large 
proportions of hydrate in solutions which contain comparatively 
small quantities of the alkali metals, but in the converse case 
chemists are forced to fall back on methods which are open to 
serious objection. This state of matters can, however, be remedied 
by the use of a method which I have employed, and which is 
principally ba.sed on the neutrality of precipitated carbonate of 
barium to phenolphthalein. a fact which I had occasion to make 
known in the second part of this paper. The process consists in 
adding to the solution of the carbonate of sodium or potassium 
excess of chloride of barium solution, which has been previously 
carefully neutralised, using phenolphthalein as indicator. A 
double decomi)OSLtion thus occurs, chloride of sodium and carbonate 
of barium being produced, while the hydrate remains in solution. 
It is now only necessary to add a little more phenolphthalein, and 
titrate with standard acid, the number of c.c. consumed being cal» 
culated to hydrate of potassium or sodium, as the case may be. 
The whole process must be carried out in tlie cold, for reasons 
immediately to appear. It is clearly evident that the results will 
be quite as accurate whatever proportion the hydrate may bear to 
the carbonate, and the method would thus be useful on many 
occasions where the use of phenacetolin as indicator would bo 
inadmissible, or at least would give very unsatisfactory determina- 
tions. To test the process, two grams, of pure carbonate of sodium, 
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prepared by igniting bicarbonate of sodium at a temperature just 
short of the fusion point of the former salt, were dissolved in 
water, mixed with a quantity of standai-d caustic soda contitining 
•02 gram, of pure hydrate of sodium. This mixture would repre- 
sent a sample of cai'l)onate of soda containing about one per cent, 
of the hydrate. To the solution, excess of chloride of barium was 
now added, and for three experiments 4*9, 5, and o-l c.c. of deci- 
normal sulphuric acid (1 c.c. = '004 gram. NaHO) were consumed 
respectively. The average of these i*esults is exactly -02 gram, of 
hydrate of sodium, which was the proportion added. 

Similar results were obtained in the determination of hydrate 
of potassium under the same circumstances as those just described. 

In the second part of this paper I showed that precipitate<l car- 
bonate of calcium was, when boiled, neutral to phenolplithalein, 
and experiments were therefore made in which chlorid*j of calcium 
was employed to decompose the carbonate of sodium instead of 
chloride of barium, the titration being necessarily accomplished in 
a boiling solution, or at least after it had been boiled. It was 
found that in every case the amount of hydrate of sodium obtained 
was under the truth, and at the same time the results varied from 
each other to an appreciable extent. It would seem that some 
hydrate of calcium is formed, is entangled or combines with the 
precipitateil carbonate of calcium, and thus remains insoluble. 

When the sodium carbonate was decomposed by the barium salt, 
and the titration accomplished in a boiling solution, the results 
were likewise low, though not to so considerable an extent as when 
the calcium compound was employed. ThL«?, then, is the reason for 
carrying out the process from beginning to end in a cold solution. 

Having now established the accuracy of the process when hydrate 
and carbonate only are being dealt with, the advisability of taking 
into account the limitations to which it may be subject must not 
be overlooked. For this purpose it is necessary to discover the 
influence, if any, which would be exercised by the impurities often 
met with in commercial carbonates of sodium and potassium. It 
is evident that the chlorides of these metals cannot have any effect, 
as they are not decomposed by the barium chloride, and are 
neutral. The sulphates and sulphites were tested after being pre- 
cipitated with the barium chloride, but the full amount of hydrate 
was obtained. If titrated directly, one-third of the base existing 
in the tribasic phosphate of sodium or potassium is determined by 
standard acid ; but I found that the phosphate of barium precipi- 
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tested by the chloride of barium added was neutral to phenolphtha- 
lein, and that it did not interfere to any appreciable extent with 
the accuracy of the results. Half of the base existing as sulphide 
is estimated even after addition of the chloride of barium, but it 
was found that if a few drops of hydrogen peroxide is added, and 
the solution allowed to stand for a few minutes, the sulphide is 
completely converted into sulphate, and thus rendered harmless. 
The only other compounds likely to be present are the silicate and 
aliuninate of sodium or potassium. In the case of the latter com- 
pound, the whole of the soda or potash will be determined ; while 
in the silicate it was found that, although barium silicate was pre- 
cipitated, about 90 per cent, of the base was obtained, or exactly 
the proportion brought out by the direct titration of the alkaline 
silicate. The composition of the sodium silicate adopted is that 
of ordinary "soluble glass" (Na2Si409). 

The foregoing method can also be applied to the determination 
of hydrate of sodium or potassium in various other compounds, 
which give precipitates with barium chloride neutral to phenolph- 
thalein, such as the normal sulphites and phosphates of the alkali 
metals. An illustration of the use to wliich the facts I have 
stated in this and former papers may be put will be found in the 
analysis of sulphite of sodium, samples of which I had occasion to 
analyse. Of course sulphate, thiosulphate, and chloride are deter- 
mined as usual, but to estimate sulphite, carbonate and hydrate, or 
bicarbonate of sodium by methods in ordinary use is rather a tedious 
operation. To find the proportion of hydrate, all that is necessary 
is to precipitate with chloride of barium and titrate with standard 
acid, as above described. Then, by simple titration of another 
portion of the sample in the cold, using phenolphthalein as indi- 
cator, the hydrate and half of the carbonate can be found, and 
finally, by employment of methyl orange as indicator, and further 
addition of acid, the other half of the carbonate and half of the 
sulphite of sodium can be estimated. By simple calculations, the 
respective proportions of these three compounds can be obtained, 
a result which can be accomplished in a few minutes. It must 
be borne in mind that if a large quantity of carbonate of sodium 
is in the sample the proportion of that compound found will only 
be an approximation to the truth, as the end-reaction is only 
delicate with small proportions of carbonate of sodium. If there 
is no hydrate found, bicarbonate of sodium can be tested for, and 
determined' by the method to be described. 
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//. — Determination of bicarhoiiate 0/ sodium or potassium in 

presence oftlie normal carbonate. 

The method I would propose for this rests ou the same basis as 
that which has just l^eeii under consideration. In consists in 
adding to the cold solution of the sample an excess of standard 
caustic soda, the strength of which has been accurately tested as 
regards sodium hydrate by the method described above, then 
adding barium chloride, and estimating the excess of hydrate of 
sodium employed by standard acid. This result is subtracted 
fi*om the total caustic soda used, and the remainder, which has 
been consumed in converting the bicarbonate into normal carbonate 
of sodium or potassium, calculated to the iirst-mentioned of these 
salts. To put this process to tlie test, two grams, of pure carbonate 
of sodium were mixed with '03 gram, of the bicarbonate, and the 
whole dissolved in cold water. To the mixture 5 c.c. of deci- 
normal hydrate of sodium, then excess of chloride of barium were 
added, and finally decinormal sulphuric acid, of which 14 c.c. 
were consumed in one experiment and 1 *5 in another. This shows 
that in the first case 3*6, and in the second 3*5 c.c. of the deci- 
normal alkali, were consumed in neutralising the bicarbonate of 
sodium, the calculated results being equivalent to '03024 and 
•0294 gram, respectively of that salt, instead of '03 gram, actually 
used. 

Another test was made with two grams, of a sample which con- 
tained 88*6 per cent, of bicarbonate of sodium. To the cold 
solution 25 c.c. of normal sodium hydrate were added, and, after 
precipitation with barium chloride, exactly 4 c.c. of normal acid 
were consumed. This represents 1-764 gram, of NaHCOj, instead 
of 1*772 gram, really present. 

As will be seen at a glance, this method is a modification of that 
described by Lunge {Jour. JSoc, Chem. Industry y I., 57), the 
essential difference consisting in the use of phenolphthalein as 
indicator. By this means the time is saved which would otherwise 
be consumed in removing the carbonate of barium precipitate 
when the latter process is employed. 

II L — The arseniates of sodium and potassium^ and determination 

of arsenic acid in tliese compounds. 

A series of experiments were made with normal arseniate of 
sodium (Na3As04), with the view of obsci'ving the behaviour of 






dusz i^ u^w9ird Hut lir^ xntiie&soT^ b«f«jre tre&ce«l od wb-=n titrated 
wiai iCACiiarfi «ilpiiriric *ci<L Ar§eii:c add was first pnrpAned bv 
fjrA-'A' ^ 'j^j grarfi-i. ajvniocLS Jtdd (AsjO,* wiui uisic acxti. and 
^avief^'jnT.iii.^ />7cr a vater oadi several dmea^ wiiii addiaoa of 
wiO/iT. till all th^ citric acid was exijelkd. The anenic acid dms 
ociCaziusd wart diMolred in water. SfXP cc. of normal caoatic soda 
ifiltttKA added, ac/l tLe whole made ci* to 54X» c.o. Tike caustic 
mAat Ukd ijeett. Leariv entirelT freed from cartionaie br adding a 
ili^> ezceaa of rjariam cLIorxde. then removing the excess of barium 
•ah bj addition of sulphate of sodicm. allowing the precq>itate to 
settle tLoroQj^j. an'i svphoning otT the clear floid. For each test 
50 f^c fd the arter^iate solution were employed, and this qnandtj 
CMitaix^ exactly 2 08 gram& of normal arseniate of sodium, whidi 
h equivalent to <f3 gram, of Sfjda (Na.0; and 1-15 gram, of arsenic 
axuhjdnde (A^/Jf). But, to make sure thjt no arsenic acid had 
be^i lost by spirting or other means during the oxidation and 
eraporation just de^ribed, a determination was made by precipi- 
tation ait ammonium magnesium arseniate, the weight of which 
ihowed that the solution contained the proportion of sodium 
arseriiate (ya^AsO^) stated. 

Litmus, — When this indicator was employed 19-0 c.c. of normal 
acid were required to effect the neutralisation. After adding about 
two-thinU of the acid the blue colour had become purple, and 
onwardii from that stage the blue was gradually discharged, until 
the pure red only was observable. Owing to this gi-adual change 
in colour, it is very difliculc to detect the poiut at which the last 
trace of blue or purple is eliminated, and, indeed, this can only be 
done with any degree of accuracy by comparing the solution which 
is being titrated with an equal volume of water containing the 
same pro^iortion of litmus reddened by an excess of acid. 

Jiosolie acid acts in every way like litmus, the change in colour 
licing very slow, and the end-reaction very indistinct. To bring 
to the neutral point 19*85 ac. of the normal sulphuric acid were 
added This is equal to '614 gram, of soda, or about two-thirds 
of that contained in the normal arseniate used, so that the mono- 
sodium salt (NaH^AsO^) may be said to be pi-actically neutral to 
both rosolic acid and litmus. 

Methyl orawje. — For two experiments made with methyl orange 
as indicator, 20 and 20*05 c.c. were respectively consumed, the 
average of these being equal to 6207 gram, of soda, or about 
exactly two-thirds of the soda present. Not the slightest change 
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in colour was observed until the amount of acid quoted was added, 
and then only a slight tinge of pink was imparted to the yellow 
colour, so faint that without some practice it is almost impossible 
to detect it without comparison with the same bulk of water 
coloured with a quantity of methyl ornnge cqiuil to that which has 
been employed in the titrated solution. A few di-ops more of the 
standard acid brought out the full pink colour, so that this inten- 
sification of colour can be used in confirmation of the first i-esult. 

Phenacetolin acted in much the same manner as litmus and 
rosolic acid, the end-reaction being very ill-defined. To bring to 
the neutral point, 19*1) c.c. of nonnal sulphuric acid were con- 
sumed. 

Phenolphthalein acts in an entirely difi*erent way to any of the 
other four indicators. It difiera from litmus, rosolic acid, and 
phenacetolin in giving a well-defined end-reaction, and is also dis- 
similar to these and to methyl orange in indicating the neuti'al 
point at a difierent stage of the process. In two experiments in 
cold solutions exactly 10 c.c. were consumed for each, a result 
which is equivalent to only one-thml of the total soda. It is thus 
established that, while the mono-sodium arseniate (NaU3As04) is 
neutral towards the four indicators just enumerated, the disodium 
salt (NssHAsO^) is neutral to phenolphthalein. When used in a 
boiling solution, the last-named indicator gives a sensibly higher 

result. 

TABLE I. 

Kesults obtained in the Titration of Normal Sodium Arseniate. 



Na3A804 used for each test, 
= Na,0 do. do., 



2 08 grains. 
•93 



}) 



Xaue of 


Indicator. 


Kj.Ki. 01 normal aciu 
consumed. I 

1 


found. 


Litmus, 


19-9 


•6169 


Rosohc Acid, 


... 


19-80 


•6154 


iM ethyl Oraugc 


... 


20-2005 


•6200- -6215 


PhenacetoliD, 


... 


19-9 


•6169 


Phenolphthalem (cold), 


10-10 


-3100 - -3100 


Do. 


(hot). 


10-9-11 

i 


•3379 - -3410 



It is evident that on the definite difterence of indication shown 
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by methyl orange and phenolphthalein, a process for the determi- 
nation of arsenic acid in commercial arseniate of soda may be 
founded, as I formerly showed could be done for the acids of phos- 
phate and sulphite of sodium. All that is necessaiy is to dissolve 
2 or 3 gi'ams. of the sample in water, filter if necessary, then add 
standard acid or alkali till the neutral point is reached, with 
methyl orange. Now boil to expel carbonic acid, cool (if the 
solution is kept hot, a low result will be obtained), add a little 
phenolphthalein, and determine with normal or half-normal hydrate 
of sodium. One c.c. of normal soda will be equal to '115 gram, 
of AsjOg. To make sure that carbonate of sodium did not inter- 
fere, which it would if all the carbonic acid were not expelled as 
described, 50 c.c. of the sodium arseniate solution used for testing 
the indicators were measured off, 1 gram, pure carbonate of sodium 
added, and the experiment proceeded witli. Of the normal caustic 
soda 10 cc. were consumed, which is equal to 1'15 gram, of AsoO^, 
or exactly the proportion present. The only substance in "areeniate 
of soda'' likely to influence the accuracy of the method is arsenite 
of sodium or arsenious acid, which, as I will show immediately, 
would tend to give somewhat high results. I may state, however, 
that in several samples of commercial arseniate tested by myself I 
have failed to detect even a trace of arsenite. 

Tests were also made with potassium arseniate, but it was found 
that it acted in every particular in precisely the same manner as 
the sodium compounds. 

IV. — Arsenite of sodiiun aiid i^oidssium. 

For the purpose of experiment, 9*9 gleams, of pure arsenious 
anhydride (AsjOa) were dissolved in 100 c.c. of normal caustic soda 
freed from carbonate, and the whole made up to half a litre with 
water. For each test 50 c.c. were employed, and this quantity 
would contain 1*3 gram, of sodium arsenite (NaAsOo), or *31 gram, 
of soda (Na^O). 

Litmxis. — When this indicator was used 10 c.c. of normal acid 
were consimied, and, although the blue colour became purjile 
towards the end of the experiment, the end-reaction was easily 
i*ecognised. The amount of soda obtained was exactly that 
present. 

Rosolic acid beliaved in much the same way as litmus, the colour 
changing slowly towards the end, but the end-reaction being 
distinct. 
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Meihyl orange, — With this indicator 10 c.c. wei*e coiisumed iii 
two experiments, which gave exactly the amount of soda present. 
The end-reaction was quite as delicate as with carbonate of sodium, 
thus proving that arsenious acid is neutral to methyl orange. 

Phefnacelolin behaves in every resixjct like litmus and rosolic 
acid. 

PheiiolphUialein differs from the other indicators in showing the 
neutral point after the addition of 9-05 c.c. in one test and 9 1 in 
another. This was in a cold solution, but when boiled 8-9 and 9 
c.c. were respectively required. The coloui* in this case also 
clianged slowly towards the end. 

TABLE II. 
Results obtained in the Titilition of Sodium Arsenite. 



NaAsO) used for each test, . 
= NaaO do. do., 


1 

• • • . • • • « 


•30 
•31 


gram. 


Name of Indicator. 


C.C. of Normal Acid 
consumed. 


Gram, of Na^O 
obtained. 


Litmus, 


10 




•310 


Uosolic Acid, 


10 




•310 


Methyl Orauge, 


10-10 




•310 - -310 

1 


Phenacctolin. 


10 




•310 


Phcuolphthaleiu (cold), 


' 905-1)1 


1 


•2805 - -2821 


! Do. (hot), 


8-9-9 

i 




■2759 - -2790 



With arsenite of potassium similar results to those obtained 
with the sodium salt were brought out. 

It will be observed that arsenious acid, although neutral to 
methyl orange, requires a considerable quantity of soda or potash 
to render it neutral to phenolphthalein, and it is for this I'eason 
the presence of an arsenite in ai-seniate of sodium would give the 
proportion of arsenic acid above the truth. 

In conclusion, I may state that I have made experiments with 
the view of basing a process for the determination of boric acid in 
borates, on the difference of indication shown by phenolphthalein 
and methyl orange. These have ended in failure, owing to the 
extremely indistinct end-reaction with the former indicator, even 
when small proportions of borate are operated upon. 
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XXI. — Sketch of the present atate of our knowledge of the Island 
of New Guinea, Bv Walter CI. Blackie, Ph.D., F.R.G.S. 



[Head before the Society, 16th April, i8$4.] 



TuE public interest wliicli has i*ecently been awakened respecting 
New Guinea, both in this country and Australia, may probably 
be accepted as a sufficient reason for the attention of this Society 
being directed for a short time to that large and imperfectly-known 
island. 

It is stated that New Guinea was tii-st seen in the year 1511 by 
the Portuguese navigators Antonio d'Abreu and Francesco Seram, 
and that fifteen years later it was visited by another Portuguese, 
Jorge de Meneses, who named it Islas de Jorge, after himself, 
although it was then and is still known in the Moluccas by the 
Malay luime of Tamia Papua, the land of the frizzly-haired people. 
The name Papua is still used by some English writers to designate 
the island, though most writers agi'ee in restricting its use to 
designate the inhabitants. Later on in the same century different 
Spanish navigators, seeking to cross the Pacific from west to east, 
visited the island, and made known to us in a general way the 
greater part of the northern coast. One of them, called Inigo 
Ortiz de Kete, touched at it in 1545, and conferred on it the name 
of New Guinea, from the resemblance of the inhabitants to the 
natives of Guinea, on the West Coast of Africa. In the seven- 
teenth century the progress of discovery was continued by various 
navigators. In 1606, ToiTes passed idong the South and dis- 
covered the Strait of his name. In 1643, the year after he 
discovered Van Diemens Land (now called Tasmania), Abel 
Tasman passed along the north-east coast, and was followed in 
1700 by Dampier, who discovered the Strait of his name, which 
sepai*ates New Britain from New Guinea. Many other naviga- 
tors followed in the course ol the eighteentli and the early part of 
the nineteenth century, but the records of their voyages did not 
add much to our knowledge of this almost t&i^ra iticognita. 
Indeed, the bulk of the iufonnation which we possess I'especting 
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the islandf it& inhabitants, and products has been derived from 
explorers who have visited it since 1845, several of whose names 
will be referred to as we proceed. 

A glance at the map of the Paeilic Ocean i^veaLs to us the well- 
known fact that its western boundary is formed by a long line of 
islands and island groups, which sepaiaie it from the Sea of 
Okhotsk, the Japan Sea, the Yellow Sea, the China Sea, and the 
Indian Ocean. These islands follow, generally speaking, the lino 
of the coast of Asia, from the most southern point of the peniusiUa 
of Kamtschatka to near the Equator, where they turn eastward 
for about forty degrees of longitude, and then turn south, and 
ultimately take ending ift-ithiu the Antarctic circle. 

In this long serie;^ the largest island is Xew Guineii, and it is 
also the largest in the world, if we except Australia, wliich is now 
generally called a continent. In length it is about 1,530 miles ; 
in breadth it varies from about 30 miles to 410 miles. It contains 
an area of 303,241 square miles, or, including the immediately 
adjoining islands, of 311,958 s^juare miles. Consequently it is 
larger than any country in Europe, except Russia, and its ai'ea 
nearly equals the united area of the British Islands and Fi'ance 
(325,690), or of the British Islands, Italy, Turkey, and Greece 
(324,666). With the islands along its coast, and the groups of 
New Britain, Admiralty Islands, the Solomon Islands, Queen 
Charlotte's or Santa Cruz Island, the New Hebrides and Loyalty 
Islands, all lying to the east and south-east, it forms that division 
of the islands of the Pacific which geographers have named 
Melanesia^ or black islands, from the colour of the inhabitants. 

This large island stretches in a direction N.W. to S.E. from 
about twenty-two minutes south of th^ Equator through ten 
degrees of latitude, and is consequently wholly within the tropics. 
Its most northern and southern points are in 0" 22' and 10" 42' S. 
latitude respectively, and its most western and eastern points in 
130° 50' and 150"* 50' E. longitude respectively. Its outline pre- 
sents great irregularities, being marked on the noith side by the 
deep recess of Geelvink Bay, discovered in 1705 by the Dutch 
vessel Geelvink (yellow Hnch), and on the south-west and south 
side by the narrow indentation called M^Cluer's Inlet, and the 
extensive semicircular depression called the Gulf of Papua. 
Though of considerably inferior dimensions, the indentation of 
Geelvink Bay corresponds in some respects with the Gulf of Car- 
pentaria, on the north coast of Australia. 
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As might be expected, the northern and the soutliem coasts 
present a considerable contrast, the former, generally speaking, 
being high and rockj, while the latter is generally low and 
marshy. The western peninsula of the island, with a mountainous 
northern border, forms, for a great distance inland, an extensive 
plain, a characteristic wliich prevails along the south-west coast as 
far as M'Cluer's Inlet. On the north coast a strip of low land 
borders the sea, backed by the Arfak Mountains, which attain an 
elevation of 7,000 feet above sea level, and by various indications 
are shown to be of granitic formation. These mountains sink 
down towards Geelvink Bay. Towards the south they reach the 
shores of M'Cluer s Inlet, between which and Geelvink Bay they 
rise to an elavation of 3,000 feet. From M'Cluer's Inlet to Cai^e 
Van den Bosch the coast is hilly, tliickly wooded, and possesses 
some small harboui-s and anchorages, protected by small islands. 
East of Merkus Ord begins the loftiest range of mountains in New 
Guinea, containing the highest peaks to be met with between the 
Himalayas and the Andes. This gi*eat mountain chain stretches 
eastward from Cape Burn along about the fourth parallel of lati- 
tude for at least 300 miles. Its western portion was named 
Charles Louis by D'Urville, and contains peaks 9,000 feet higli. 
Its eastern portion has been named the Snowy range, from its 
loftiest summits, estimated to attain an elevation of 17,000 
or 18,000 feet, being seen from the sea to be covered with 
l)erpetual snow. Little is known of this range eastward of 
long. 139^ or 139^ 30' E. It may be, however, and probably is, 
a somewhat continuous range, which ultimately joins the Albert 
mouijtains, and the Owen Stanley mnge in the eastern peninsula 
But this is mere conjecture, for all that we really know is, that 
the Fly Ilivcr rises in a hill country. Recent discoveries, how- 
ever, regarding the rivers which flow into the Gulf of Papua, 
furnish indications that this conjecture may, on the whole, be 
tolembly near the reality. 

The southern coast, from near Cape Bum eastward, round the 
Gulf of Papua, and on to about Ion. 146^6' is low, generally marshy, 
beset with mangroves, and very unhealthy. Eastward, along the 
peninsula formed by the Owen Stanley lunge, the coast is rocky, 
pierccfl by several inlets which form natural harbours, and has 
various anchorages, protected by the numerous islands which line 
the coast of this part of New Guinea. Two of these, both 
surveyed by Captain Moresby, nix» impoi-tant enough to I'eceivo 
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special notice. The first is Robert Hall Sound or Harbour, 
inside of Yule Island, lat. 9' S., Ion. 146°3' E. It is described as 
being perfectly protected and land-locked, with deep water where 
hundreds of ships might lie in safety. Two rivers fall into this 
harbour, one of them navigable for boats for ten miles from its 
mouth. Yule Island, near which ships would anchor, is high 
and healthy ground. At other points the land is low and 
swampy, backed at six or eight miles inland by low hills, behind 
which range rises after range, till the magnificent Owen Stanley 
range is reached as a culminating jioint. The other harbour, 
caUed Port Moresby, lies in lat. 9^30' S., Ion. 147^0' E. 
It is situated " where coral and white sand has succeeded the 
low mangrove-covered coast. The entrance is good ; and the land, 
which is covered with many trees, rises gently on either side to a 
considerable height.'' An inner harbour of Poi*t Moresby, called 
Fairfax Harbour, "is an irregular basin, surrounded by round- 
topped grassy hills, having the Australian gum tree scattered over 
them, with rich valleys between. The depth of water is between 
seven and four fathoms to within a few yards of the l)each. The 
sides of the hills are well cultivated, and yield abundance of yams 
and taiHj." Tliese harbours will doubless play an important part in 
the future history of New Guinea. 

On the north coast, east from the Ai-fak mountains, begins 
Geelvink Bay, measuring about 250 milos W.W.K and 180 miles 
N.W.S., and containing many islands. It was not fully explored 
till 1873, when all its shores were visited by Dr. A. B. Meyer, 
who also ascended the mountains on its southern shore, 2,000 feet 
high, and thence saw the sea on the southern coast, near Merkus 
Ord. Near Point d'Urville, which forms the N.E. extremity of 
the bay, there is an extensive plain through which the still un- 
explored river Ambernoli, esteemed by some the largest in the 
island, flows into the sea. This nver, which rises probably in the 
Snowy mountains, debouches through many arms, forming a great 
delta, with many low mangrove islands, w^hich are frequently 
floode<l. For 60 or 70 miles eastward the coast retains much of 
the same character, but the interior is composed of lofty plains, 
over which rise small isolated hills, which, towards the east, 
increase in height, and gradually form into a chain. The shore, 
at first flat, has many small bays which shelter small boats, it then 
becomes high and rocky, and is beset with a heavy sea whose surf 
renders landing difi&cult. At longitude 140*^47' E. we reach 
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Humboldt Bay, which has an entrance of about five miles wide, 
flanked by lofty dolomite cliffs. Though its coast is to some 
extent covered with coral reefs, it presents several good places for 
anchoring ; but the shores do not seem to present a good supply 
of water. Round the bay the land rises to lofty plains, formed of 
detritus of red mud and schist, and of a dry and red fertile clay, 
covered to a gi^eat extent with the well-known Indian grass, 
alangalang (Imperatus Koenigii), Captain Moresby, in the 
Basiliekf anchoi*ed in this bay, in one of the deep, capacious 
bights, up which he steeretl in eight fathoms over a coral 
reef. 

As far as the present state of our knowledge enables us to form 
an opinion, the northern shore of the S.E. peninsula would seem to 
be the region best adapted for European constitutions. It was first 
made properly known to us by Captain Moresby who surveyed it 
in the Basilisk in 1873 from East Cape to Astrolabe Bay. Before 
doing so. Captain Moresby examined the south-east shore, and 
surveyed a navigable channel between it and the barrier reef 
which fringes the coast as far as the western extremity of Torres 
Strait. He also discovered a navigable channel between the 
eastern point of the Peninsula and the Louisiade islands, by which 
vessels sailing from Sydney to Hong Kong effect a saving in distance 
of 300 miles over the route previously adopted. This channel 
received the name of the China Strait Captain Moresby's 
description of the newly surveyed coast is vivid and interesting. 
He begins by saying ^Hhe first striking differences between these 
northern! and the southern shores of New Guinea are, that here 
there is no outlying barrier reef, and that the shores, instead of 
shelving outwards, are steep-to. The mountains here generally 
nin down to the sea ; then follows the shore reef, from which the 
plumb line may be thro>vn into fifty fathoms water. The coast line 
is, as a rule, but little broken up, and affords few harbours, but 
offers several anchoitiges. Speaking generally, from East Cape to 
Cape Cretin, a distance of 300 miles, may be spoken of as a series 
of bold headlands, running out 20 to 40 miles seaward, with steep 
bays between " (p. 262-3). * '' •* Between East Cape and 
Cape Vogel, 100 miles, villages abound, and the valleys, not 
seen from the sea on account of the lie of the hills, are well 
cultivated " (p. 263). " Beyond Cape Ducie and Chads Bay the 
forest ceases and is succeeded by a openly wooded plateau, full of 
villages, which is backed two miles inwards by a range of sharp 
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grassy hills, bare of wood, aiul each defined by a belt of dark 
brush-wood at its base, iind coming crowding down hill upon hill, 
with such a curious effect as to remind us strongly of the plate 
in Black's '* Atlas ^' of all the mountains of the world. Above the 
height of 2,000 feet the forest, singularly enough, spiings up again 
on higher peaks and covers them to the very top at a height of six 
or seven thousand feet" (p. 265). In Goodenough Bay, l>eyond 
Cape Frere, **The villages are scattered along this part of the 
coast on a plateau of |)ark-like land, which intervenes between 
the shore and the mountains within, which, rising by gradually 
higher undulations, terminate at a height of many thousand feet 
above the sea. There can be no doubt of the capabilities of 
this land if cultivated; on the hills herds of cattle, and sheep 
innumemble, might find pasture, whilst from the cold .summits 
to the hot plains all the products of wide extents of climate 
might be grown" (p. 268). Passmg Capo Vogel, which fonn sthe 
northern extremity of Goodenougli Bay, crossing Colling wood 
Bay, and rounding Cape Nelson, Captain Moresby was "much 
impressed by the line picturesque appearance of Mounts Victory 
and Trafalgar. These mountains, which are joined by a saddle- 
shaped ridge, descend to the sea in open grassy and wooded slopes, 
which have all the appeai-ance of English park land^' (p. 271). 
Rounding Cape Ward Hunt, a large river (which was named the 
Clyde) was seen discharging itself ov(?r a dangerous bar (p. 275). 
Between Traitor's and Hercules Bays the mouths of seveml small 
streams were seen, with alligators basking in them. Beyond 
Hercules Bay the coast line altered entirely, " the low alluvial 
land giving place to volcanic hills that came precipitously down to 
the water's edge, numerous volcanic islands Avere scattered off the 
coast, and had a singular appearance, looking as though great 
morsels had been broken from the hills and thrown into the sea " 
(p. 281). Beyond Parsee Point in Huon Gulf, a large river was 
seen, with swampy thickly wooded banks, and a bar at its mouth, 
to which the name of Markham was given. Beyond this river 
** the coast ti*ended fifty miles due east, forming the north side of 
Huon Gulf, and making another of those far projecting promon- 
tAiies which we have found so characteristic of north-eastern New 
Guinea. The land is bold, mountainous, and rises to a height 
of 9,000 feet, it was named by me Bawlinson range, after the 
President of the Royal Geographical Society. The valleys here 
and the mountain slopes, dotted with palms and tree ferns, are 
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especially beautiful and well inhabited; and every valley appeared 
to be watered by a clear mountain stream " (p. 284). 

From Cape Cretin to Cape King William, forty mCes, "the 
coast line presents new features, for along the rear of the beach 
runs a narrow terrace of good soil, on which a few solitary huts 
are scattered; and behind this the land rises in rocky plateaux, as 
regular as the lines of a fortification, divided by ravines, and 
looming one above the otlier till they reach the inland Finistere 
mountains." The altitude of two peaks, which lift their heads 
boldly above all compeers, was measured, and found to be 11,400 
feet (p. 285). They were named Mounts Gladstone and DisraelL 
" From Cape King William to Astrolabe Bay, a distance of 100 
miles, the coast runs in a W.N.W. direction, and the shores are 
steep. The mountains are wooded to the beach, and studded vdt\\ 
many villages." 

Mr. Powell, who visited this coast in 1879, says of the country 
at Cape King William: — **A more beautiful and healthy spot for 
settlement than this can scarcely be found in any tropical country 
in the world ; the coast is bold and steep, rising in many places 
sheer from the sea to the height of about 1,000 feet, and ranging 
inland to the Finistere mountains, in terraces and table-lands of 
open grass country, with every facility for cattle grazing, well 
watered with streams." * ♦ * "The cliifs appear to be of 
basaltic formation, whilst granite boulders ai*e scattered about the 
shore. The plains above clearly show that there is a volcano or 
volcanoes in the vicinity, by the large quantities of rotten pumice- 
stone scattered about and overgrown with grass. The natives use 
obsidian for a great number of purposes, such as shaving their 
heads and faces, carving wood, <fec.'' 

Having thus taken a mpid survey of the coasts of tliis great 
island, let us turn to the inteiior, respecting which our knowledge 
is very limited. What information we do possess centres chiefly 
round three points — Dorey on the N.W. coast, the Fly River and 
Baxter River in the Gulf of Papua, and Port Moresby on the 
southern coast of the easteni peninsula. 

Dorey, on the N.W. coast, west of Geelvink Bay, is a small 
territory, which comprises several villages. It has long been known 
to traders, and is the head-quarters of some German evangelist 
missionaries. Its commodious bay presents good anchorage, and 
it's shores and the islands scatered over it are formed of coral. At 
a short distance inland rise the Ai*fak mountains, the home of 
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those magnificent creatures the birds of Paradise. The Arfak 
mountains follow the line of coast round the western margin of 
Geelvink Bay, spread over tlie isthmus which separates that bay 
from M'Cluer Inlet, and, continuing south, ultimately blend in 
with the great central range of the island — Charles Louis moun- 
tains. In 1858 Alfred Russell Wallace spent three months and a 
half in Dorey, for a great part of which time he was incapacitated 
from moving much about by ill health. In the same year it was 
visited by Count Rosenberg, an official in the Dutch service. The 
observations of these explorers were confined chiefiy to the natural 
history, and especially the fauna of this region, and very specially to 
its beautiful birds. Neither of them i>enotrated beyond the limit 
of the plain wliich borders the coast. In 1872, M. D'Albertis, 
an Italian naturalist, also an ornithologist, arrived at Dorey, and, 
notwithstanding the bad repute in which the mountaineers were 
held, he ascended the Arfak mountains, and took up his residence 
among the natives, at an elevation of 3,500 feet. In his shooting 
excursions he ascended the mountains to a height of 5,000 feet, 
and believes them to attain an elevation of 9,000 feet. All these 
naturalists increased our knowledge of the fauna of the locality, 
and to some extent of the flora, and give interesting accounts of 
the inhabitants. Albertis describes the mountains as being thickly 
wooded, and among the trees he mentions both oaks and araucarias. 
The climate is rather humid, but (says D'Albei-tis) it must at the 
same time be very healthy, because the people who inhabit these 
mountains are very strong and well built. Notwithstanding the 
enterprise and daring of ^I. D* Albertis, more especially in tinisting 
himself alone among an uncivilized people of bad reputation, his 
explorations did not extend many miles from the shore, so that 
much more requires to be done before we shall be able to say that 
we are even reasonably well acquainted with Dorey, Andai, and 
the country adjoining the western shore of Geelvink Bay. 

The Fly River, the largest yet known in New Guinea, falls into 
tho Gulf of Papua about long. 143"* 30' E. It was discovered in 
1845 by Captain Blackwood, who named it after his ship, the 
Fly, and attempted to explore it, but the hostile attitude of the 
natives caused him to return, after having ascended only a few 
miles, which did not take him beyond the delta of the river. In 
1875, the Rev. Mr. Macfarlane, of the London ^[issionary Society, 
in the steamer Ellangowan, and accompanied by ]VL D'All)ertis, 
ascended the Fly River for 150 miles. Tho following year M. 

Vol. XV. o 
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D' Alberm made a aeeond Toyi^ to tkk rivvr m dM ateUKT Neim^ 
ADd MttfAd dOO miles, bat coold get no fiwtker, thmgk kk boat 
WM QHklj drawing 3^ u> 4 feet o€ water. In ISiThemfcif a tkbd 
voyage up tlie rirer, aod agcended 475 mOea. On all tlieae expe- 
ditions the boats were attacked by tbe natiTca^ wbo werc^ bow- 
ever, generallj driTen ofi' without bloodshed, for when theae 
attacks were made erery preeaation was taken to escape from 
them witboot a hostile collisioiL On one occasion, howerer, near 
the end of bis third voyage, M. jyAlbertis found it needfol, for 
the safety of himself and associAtea^ to rdiieve bimaelf of an atta^ 
made by a large number of natives by using his ride. Modi ol 
the hostility manifested by the inhabjtants on the shores of the 
Fly River obviously ivoceeded from their ignorance o€ the inten- 
tions of the exi^orers, for Mr. Macforlane, by patience and tact, 
managed to turn apparent hostility into friendship, and to start a 
barter trade, which proved usefid and |deasant to both of the 
interested parties. 

While the importance of these explorati<ms can hardly be over- 
rated, showing as they do, the existence of a practicable wato^way 
far into the interior of the island, they cannot be said to have 
made us fiilly acquainted with the great plain measuring probably 
400 miles from west to east, throng^ which the Fly River passes, 
for none of the travellers ventured fer from its bank& The region 
traversed by this river is covered with ''interminable forests 
which for the best part of the year are under water, and vast grassy 
plains which are most likely converted into lakes during the rainy 
season." It falls into the Gulf of Papua by several mouths, which 
form an extensive delta. The principal known opening forms a 
channel of ten miles wide. The whole delta indeed has been 
supposed to be too extensive to belong to the Fly River alone, an 
opinion which recent accounts seem to confirm. For Mr. Lawes, 
writing on 19th Dec., 1883, from Port Moresby says, that Mr. 
Chalmers made an expedition west iu the Gulf of Papua, and 
about long. 145''15' he found several river mouths, the Alele, Aivei, 
and Panaroa, which united five miles inland, and were known to 
the natives as being the mouths of one great river which he named 
the Wickbam. *^ He is strongly of opinion that the Wickham, the 
Ainl, and the other rivers about Bald Head, are a part of the Fly, 
or rather that they are all mouths of one large river, of which the 
delta extends from the Alele to the Fly. Large lakes may be 
found, of which these large rivers are the outlet" 
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<'Tlie iilands at the mouth of the Fly Rirer are very flat and 
covered with, if not formed of a thick stratum of alluvial land, and 
are therefore very fertile,'' but it is very doubtful if Europeans 
could live upon them« 

The Mai-kassa or Baxter river falls into the sea in lat. 9"8' S., 
long. US^'IS' E., about 80 mUes west from the mouth of the Fly 
River. It was explored in 1877 by Mr. Octavius Stone, accompanied 
by the Kev. Mr. Macfarlane in the steamer Ellan^owan. it 
was found to be navigable for an ordinary-sized steamboat for GO 
mileSy with a width averaging from a mile to a quarter, and a depth 
from 12 to 3 fathoms. For small boats it is navigable for 30 miles 
farther, and is there choked up with logs and brauchos. At the 
highest point attained there was still 1 1 fathoms water. Mr. Stone 
imagines that the Mai-kassa may run another hundred miles 
into the interior. But this supposition is only likely to hvi 
sustained should its upper course be found to trend to the west, 
for the highest point attained being within twelve miles of a reach 
of the Fly River, a much greater prolongation of its course to the 
north is hardly probable. The influence of the t ido being very 
perceptible even at the distance of GO miles from the sea shows 
the country traversed to be very flat and low. The banks are 
covered with forest, and the muddy sliores are overspread with 
mangrove. In the rainy season the climate must be very malarious, 
which is probably the reason that few natives were seen ; indeed, 
the whole voyage was marked by the small amount of animal life 
observed daring it, though some birds were seen each day, and a 
large boa was killed. This nver seems to be frequented by the 
Dugong, the remains of one having Ijeen found on which some of 
the inhabitants had been feasting. 

Leaving the Fly and the Baxter rivers, let us now tuni to the 
region in the neighbourhood of Fort Moresby, on the south coast 
of the eastern peninsula. This fine harbour, discovered by Cap- 
tain Moresby in 1873, has been made the head-quarters of the 
missionaries of the London Missionary Society, which has also 
two other stations, one at Hood's Bay, about 50 or 60 miles south- 
east from Port Moresby, and another on Murray Island. From 
Hall Sound or Yule Island to East Cape, the peninsula does not 
seem at any point to have a breadth of more than 120 miles. At 
Port Moresby its width is only about one hundred miles, and 
further east it becomes much narrower. Throughout the whole 
length indicated it is traversed by the Owen Stanley range of 
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moantains^ scMooe of whose peaks attain an deTation ol 13,000 feet, 
and form admirable landmarks for mariners. Between this range 
and the south coast there is a lower range of hilla^ interrupted here 
and there bv breaks or openings of some considerable extent. But 
as ret no practicable opening throng^ the Owen Stanler range 
has been discovered : at least no one has as vec crossed the penin- 
sola from sea to sea. With sa<^ a conformation of conntiy. large 
rirers are not to be looked for. a% unless they run parallel to 
the mountain's chain there is not sufficient distance left betweoi 
the hills and the shore for a river of any magnitude to be devek^ed. 
On the other hand, such a conformation in a region of great and 
pretty constant precipitation would lead to the expectation of 
many streams being found, though of inferior magnitude. Such 
has in reality been the case, for the explorations carried on by 
Captain Moresby. Mr. Stone, Mr. Chalmers. Mr. Lawes. and othors, 
have resulted iii the discorenr of several streams, most or all of 

m 

which mav be utilised to a greater or less e3ctent as water-war^ 
Hood's Bay, Port Moresby, and Redscar Bay leceiTe eomparatirely 
important streams, which may be ascended in light boats for a 
distance of 10 to 20 mile& Mr. Stone describes the hills around 
Port Moresby as being about 400 feet high, becoming higher as 
thev recede from the shore, formed of lioiestone. and covered with 
the forest soil, mixed with fragments of decayed coraL These 
hills, he thinks, must have been uj^ieaved at a comparatively 
recent period, seeing that at a height of 600 l^t he found shells 
like those existing in the sea at the present day. "* These hills 
are all of a barren nature, partially covered with open forests ol 
gum trees f Eucaltfpti /^ averaging S or 10 yards apart.** '* Patches 
of dark foliage, scrub, and jangle, usually clothe each mountain 
gully and ravine, at rare intervals the lower portion of the hills 
being similarly adorned." Here and there fertile vallevs and 
plains are met with. At twenty miles inland a great change 
takes place in the character of the country, where the home of the 
Bird of Paradise (Para^lUifa rai^wna) is reached. *'The gum 
trees and open country then give way to dense forests of tropical 
vegetation, tall trees and under^rowth^w which completely cover the 
northern ranges, excepting the upper pan of Mount Owen Stanley 
( 13.203) with one impenetrable mass of foliage." 

Mr. lAwes. one of the missionaries, writes of this n^on generally 
in a similar sense. He says: — ''Some voyagers have described 
these <hiils) as fruitful and fertile, and waxe^l eloquent in praise 
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of the luxuriant vegetation ; while others are indignant at sucli an 
account, and speak of them as barren and sterile. All depends on 
the season of the year in which they are seen. Both descriptions 
are true. Nothing can be more green and beautiful than the hills 
after the rainy season, covered as they are with vegetation from 
their summits to the water^s edge. And nothing can be more bare 
and uninviting than the same scenery after the grass has been 
burnt in the dry season." * * Again he says : — " The country for 
miles is covered with coarse kangaroo grass, while the open forest 
country is studded with white gum, wattles, and other Australian 
trees. It is only near the water-courses and rivers, or the gorges 
and ravines of the hills, that the vegetation is luxuriantly tropical. 
Here are the areca palm, the bread-fruit, wild mango, and chest- 
nut, the pandanus in several varieties, crotons of variegated leaf, 
crimson dracaenee, orchids, and creepers in great variety, and ferns 
in abundance. Near the coast, and especially about Hood Bay, 
groves of cocoa-nut trees, miles in extent, cast their grateful shade." 

Regarding the climate of this region, Mr. Lawes says — ** It 
has hitherto proved very trying, both to Europeans and Poly 
nesians." * * At Port Moresby, in lat. 9' S., the average 
maximum heat for the whole year was 86-75 ; and the average 
minimum or night temperature, 73*5. February was the hottest 
month, when the average maximum was 90*43, and August the 
coldest, when the average maximum temperature was 82 -3. During 
six months in the year the wind blows from the south-east, and the 
other six from the north-west. Towards the time for the change 
of the monsoon the wind is light and variable; but it can be 
depended on to blow steadily for four months in each monsoon. 
The rainy season is from January to May. * * All foreigners 
have suffered much from malarial fevers. The natives are healthy, 
although they too suffer slightly from fever." 

Turning now to general considerations respecting the island as 
a whole, it may be remarked that naturalists regard New Guinea, 
in respect of its faima and flora, as being a sub-region of Australia 
— an opinion which derives strong confirmation from the formation 
of the two islands, apart from resemblances which have been 
observed between the animals and plants by which they are 
respectively characterised. Torres Strait, which separates New 
Guinea from Australia, is only about 80 miles broad at its 
narrowest point. The avemge depth of soundings across is 10 to 
12 fathoms, and the deei)est is 20 fathoms. The Strait is beset 
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with numerous coral and some volcanic islands, which indicate 

both subsidence and upheaval Probably at no very distant date, 

geologically speaking, the islands were connected by land in place 

of being as they are now, separated by water — a suggestion that 

finds suppoi*t in the fact that the rim or fringe of soundings of 

200 fathoms, which surrounds both islands, extends right across 

from the southern shore of New Guinea to the Gulf of Carpentaria, 

embracing in its area the Arroo Islands, but excluding the 

Tenimber Islands, or Timour Laut Immediately beyond the 

narrow rim of soundings of 200 fathoms, the depth suddenly 

increases, first to 1,000 fathoms or thereby, and then to 2,000, and 

even to 2,600. Generally speaking, this fact applies to both islands 

all round, except, as we have seen, in the space between them, and, 

it may be added, the strait which separates Australia from 

Tasmania. Obviously, therefore, these three islands may be looked 

upon as parts of one vast plain, measuring about 2,700 mUes north 

to south, and 2,500 miles east to west, with an area of 3,283,785 

square miles — approaching that of Europe, which is 3,795,000; 

and that tliis great plain, which has elevations on its surfeu», near 

its northern extremity, of about 18,000 feet, and near its southern 

of above 7,000 feet, forms in reality the summit of an enormous 

mountain, having an elevation, measured from the bed of the 

ocean, of 15,600 feet, as great as is that of Mont Blanc above the 

seas. From the bed of the ocean to the top of the snowy range 

in New Guinea will consequently be above 34,000 feet, or 5,000 

feet more than the elevation of the highest mountain in the 

Himalayas above the sea, and equal to a line perpendicular to the 

bed of the ocean of above 6 miles in length. Bands of soundings, 

of a comparatively moderate depth, connect Australia and New 

Guinea with the New Britain, the Solomon Islands, and even 

New Zealand, on the one side, and with the Moluccas, the 

Phillipines, and the Continent of Asia, on the other side, showing 

their intimate geological relationship, and rendering it probable 

that at one time they all wei*e directly connected with the great 

Continent of Asia. The whole of the islands, from New Zealand 

to the Malay Peninsula, may be conceived of as forming one vast 

range of mountains, with peaks from 15,000 feet to 34,000 feet 

high, imited as connecting links by lower elevations of 9,000 to 

10,000 feet, with here and there profound abysses between, 

reaching to a depth of 8,000 or 9,000 feet below the level of the 

general base of the chain of mountains. 
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Earthquakes are said to be frequently felt in the western portion 
of New Guinea, but as yet the existence of active volcanoes in the 
island has not been ascertained. But still, it unquestionably forms 
a part of that great volcanic belt which passes through the islands 
forming the western l>oundary of the Pacific Ocean. In the adjoin- 
ing island of New Britain there are several active volcanoes, and 
seyeral others have been observed in the islands which fringe the 
north-west coast of New Guinea. 

Resemblances in some localities to the aurifci*ous districts in 
Australia led to the supposition that gold might be found in work 
able quantities. This induced several parties of miners to visit 
the island in 1878. Some of them prospected the Goldio River 
for many miles, and i^eturned, after having been out for thirty-two 
days, reporting that only the colour of gold was attainable. The 
greatest quantity found in a single dish was one grain, but ten 
dishes without gold had to be washed for one containing any. 

The imperfect state of our knowledge of the island as a whole 
does not waiTant the expectation of much completeness in our 
information respecting its fauna and flora. Most of the naturalists 
who have visited the island having been ornithologists, their atten- 
tion was, as might be expected, directed chiefly to their own subject 
The splendid birds of Paradise formed a special source of attraction. 
Of these beautiful creatures twenty species are known, most of 
them frequenting the Arfak mountains, but two are peculiar to 
the eastern peninsula. Soup made of these birds, Mr. Lawes 
declares to be ** very un-Paradisiacal in its flavour." Like many 
others of the beautifully-attired feathered tribe, they do not enliven 
the woods with melodious notes, for their cry is described as like 
<< something between the quacking of a duck and the cawing of a 
crow." More important, in some aspects at least, than these and 
other very showy birds are the Megapodius or mound-building 
fowl, the bush turkey, and, on the river banks, the magnificent- 
crowned pigeon (Goura coronata), the last as large as a small 
turkey, with flesh white and delicate in flavour, '' the very king 
of the pigeon tribe." Hombills of a large size are common in the 
interior, and tlie magpie, laughing jackass, and leather-head of the 
Australians are common everywhere along the south-east coast, 
and parrots, parroquets, and cockatoos are very numerous." *' A 
species of cassowary is numerous on the plains in the interior. * * 
The natives hunt them, and they arc the fleetest and strongest 
animals they are acquainted with." Mr. Lawes says, '*An old 
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man, who was praising me most energetically (he hoped I was 
going to give him a hatchet), having exhausted his stock of 
flattering adjectives, reached a climax by saying, * You are like a 
cassowary/" Altogether, 400 species of land birds have been 
described. 

The mammalia includes small kangaroos, the opossum, cuscus, 
flying phalanger, bandicoot, and an echidna, or piickly ant-eater, 
all marsupials, and closely allied to the North Australian species. 
The pig is found both wild and domesticated ; and dogs, closely 
allied to the Australian dingo, howl in numbers round every house. 
They cannot bai'k, and are not found wild. Among the animals 
peculiar to the island may be named the Detidrolagus, or flying 
kangaroo, which lives altogether upon trees, and seems to be 
plentiful in the forest regions, which, in reality, means nearly 
everywhere. 

All the families of the reptiles are represented, and some, such 
as lizards and serpents, in considerable numbers. On the Fly 
River, D'Albertis killed a boa fifteen feet in length and of great 
thickness. Crocodiles are plentiful in the rivers. Insects are 
numerous, the forms having greater resemblance to those of the 
Moluccas than of Australia ; and many of the butterflies are dis- 
tinguished by their beauty and peculiarity of form. There are 
various species of ants, and some of them are very troublesome. 
A. Russell Wallace says: — "One black kind is very abundant; 
almost every shrub and tree was infested ^^dth it, and its large 
papery nests were everywhere to be seen. They immediately took 
possession of my house, building a large nest in the ixK)f, and 
forming papery tunnels down almost every post. * * * They 
crawled continually over my hands and face, got into my hair, 
and roamed at will over my whole body, not producing much 
inconvenience till they began to bite, which they would do on 
meeting any obstruction to their passage, and with a sharpness 
which made one jump again, and rush to undress and turn out the 
offenders. * * They visited my bed also, so that night brought 
no relief from their persecution; and I verily believe that during 
my three and a half months' residence at Dorey I was never a 
single hour entirely free from them." Bad as these pests evidently 
are, they seem to be harmless in comparison with the ants met by 
Captain Moresby when cutting wood for the ship. He says: — 
"Our greatest annoyance all through was from the ants, with 
which the New Guinea trees swarmed. They are of various kinds 
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aiid habits; some arc yellow, and burrow tunnels through the 
branches ; a green species glues large bunches of leaves and twigs 
together, and forms a nest as large as a beehive ; and there arc 
seveml brown sorts ; but one kind attacked us so fiercely that at 
times we had to leave the victory with them, and choose some 
other spot for wood. At times, where trees were particularly 
suitable, and we could not afford to leave them,* we had to sci*ew 
up all our powers of endurance ; the officers led the assault, as if 
it had been a boarding party, and we came off triumphantly with 
our wood, but bleeding, and with skin full of the forceps of these 
creatures, which had remained in the wound when we brushed 
them off." 

Tlio vegetation of New Guinea partakes partly of the Indian 
and partly of the Austmlian type — the former prevailing on the 
north-west and the latter on the southern coasts. The island is 
covered with dense foi'ests of large trees, having exuberant foliage, 
which come down close to the shore, and even overhang the sea, 
and in this respect presents a i*emarkable contrast to Austi*alia. So 
dense is this forest reported to be that it has been averred that 
the tree kangaroo might start from the northern shore and skip 
from branch to branch right across the island, without ever requir- 
ing to drop to the ground. Much of the timber is of gigantic size, 
and comprises cedar, eucalypti, the camphor tree, sago palm, and 
wild nutmeg. Ferns are veiy plentiful, and very varied. There 
are several grasses, more than ten kinds of palms, great quantities 
of orchids, the tree laurel, a kind of cinnamon (one of the chief 
articles of commerce), currants, myrtles, several kinds of leguminous 
plants, and many kinds of the fig tribe, the breadfruit tree, sugar- 
cane, mango, and two or three kinds of large chestnuts. The 
natives cultivate rice, taro, yams, tobacco, bananas of various 
kinds, sugar-cane, cocoanuts, and other tropical pixxluctions. 

Tlie inhabitants of New Guinea, as we have already seen, are 
known by the general name of Papuans^ on account of the frizzly 
manner in which they dress up their hair — a custom which 
prevails over the whole island. Though known all by the same 
general name, they are composed of three distinct races, and a 
considerable admixture of the three. The Papuan proper, the 
original inhabitant of the island, is found in the central districts 
on the north coast, on the south coast, and up the Fly and the 
Baxter rivers. He is of a negroid type, and is allied to the 
natives of Australia, and of New Britain, the Solomon Islands, 
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and other islands of Melanesia, named, as we have already seen, 
the Black Islands, from the colour of their inhabitants. The 
other two races are the Malay, in the north-west end of the 
island, and the Polynesians in the soiith-east, both of whom have 
influenced the original Papuans in many ways — ^the furmer haTing 
onqaestionably taught them the art of house4>ni1ding, and, veiy 
probably, the art of constructing the proas with outriggers. 
Taking the inhabitants of Humboldt Bay as typical examples of 
the original Pftpuan, they are blacker, taller, more firmly built, 
than the other races. Men and women go quite naked: only 
here and there individuals of the hi^er classes may be seen with 
a hollowed out calabash girt in front The hair is crisp and black, 
though in many it shows a red colour, caused by it being powdered 
with a burnt and finely-powdered red clay earth. The brow is 
high and broad : the eyes, not very large : the noee, big and flat, 
with, in the case of the men, the septum pierced and ornamented 
with pieces of wood, coral, or boar's teeth, which imparts to the 
countenance a peculiarly wild appearance. The women are well 
formed, of middle size, somewhat lighter in the colour than the 
men, and, when young, have by no means unpleasant countenances. 
Tattooing of figures on the breast, back, and arm, is never practised 
by the men, but is very common among the women, and, indeed, 
does not look at all ugly (Rosenberg). 

The Malay Papuans of the north-west are of a dark brown colour, 
more or less vei^ging to grey-black; they are smaller of stature 
than the others, and more fleshy than muscular : relatively very 
thin legs with well-proportioned bodies are frequently seen. They 
resemble the negro less than the aboriginal Piipuans — the hair is 
black, thick, very much frizzled, but not woolly; the brow is higher, 
and the back of the head is more rounded, and the whole build 
not so powerful as that of the negro. Both sexes go naked except 
a covering round the loins. The chiefe alone clothe themselves 
fully, and that only when they receive strangers, when their 
garments are of white cotton stuff, cut in the fashion of Tidore. 

The Polynesian Papuan is found east of Bedscar Bay. The men 
are of a light colour — a warm brown — and neither tall nor stout 
They are muscular and well-developed, upright in their gait, and 
agile in their movements. The nose is fairly well formed, and the 
lips are neither protruding nor thick. ''Many of them have 
intelligent, pleasing faces, and all the men glory in a huge mop of 
hair, which stands up all over their heads like a grenadier's cap. 
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They stick a comb, which is merely a three or four-pronged fork, 
into this, with a bunch of white cockatoo feathers at the end as an 
ornament Many of them are rather fine-looking fellows, and they 
certainly owe nothing to the tailor's art; no one else can ever wear 
their clothes." ♦ ♦ " The women wear a decent girdle, or petti- 
coat, which reaches from the hips to the knees, and they are 
tattooed closely all over. They think it increases the beauty of 
women, and were surprised (says Mr. Lawes) thatmy wife was 
not tattooed, especially as the white skin would show up the 
pattern so much better than the dark ones." * ♦ * "All 
their muscles and limbs have free action, they are stately and 
graceful in their movements, and their use of coloured leaves and 
flowers no rules of art could improve " (Lawes.) 

The Papuans are greatly in advance of their bretliren in 
Australia in respect to their houses, which are all built in the 
Malay manner, that is, like the crannogs in our own country and 
the lake-dwellings of Switzerland. The following description by 
Mr. A. Kussell Wallace of a house at Dorey will convey a good 
idea of the kind of domestic architecture prevailing in New Guinea. 
" The houses all stand completely in the water, and are reached by 
long rude bridges. They are very low, with the roof shaped like 
a huge boat bottom upwards. The posts which support the houses, 
bridges, and platforms are small crooked sticks placed without any 
regularity, and looking as if they were tumbling down. The floors 
are also formed of sticks, equally irregular, and so loose and far 
apart that I found it almost impossible to walk on them. The 
walls consist of bits of boards, old boats, i*otten mats, attaps, and 
palm leaves, stuck in anyhow here and there, and having altogether 
the most wretched dilapidated appearance it is possible to conceive. 
Under the eaves of many of the houses hang human skulls, the 
trophies of their battles with the savage Arfaks of the interior, 
who often come to attack them." This description notwithstanding, 
the houses are sometimes well built in their way, and at times of 
very great dimensions. One seen far up the Fly River was 
ascertained to be 500 feet in length. On the banks of the Baxter 
Kiver, on the other hand, houses or shelters were met with com- 
posed merely of the bark of the gum tree, and fashioned much after 
the Australian manner, being all open on one side. On the east 
coast also, near Cape Frere in Collingwool Bay, houses of a different 
kind were seen. They were not built on pUes in the water, nor 
had they the characteristic saddle roof, but were of an oval form, and 
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thatched close down to the ground. Differences in construction 
which clearly point to differences in the race of the constructors. 

In the eastern peninsula at all events the stone age still prevails, 
for the people there have no knowledge of iron. Their war-clubs, 
brought from the interior, ai*e of stone, the knives and hatchets 
with which they form their pixms are of stone, and they shave the 
head with a piece of obsidian. Travellers who have seen the 
natives at work with these stone hatchets hollowing out a boat, 
aver that they cut quite as well as the iron axes do, which are 
usually to be met with in neighbouring i*egions. The use of iron, 
however, is understood in Humboldt Bay, where it has probably 
been introduced by British or American tradera who visit it at 
times. Still, in war, the stone club is employed. Over the whole 
island the principal arms seem to be the spear, the bow, the club, 
and the shield. In some localities the arrows are poisoned. 
Similarities of this kind prevailing over the island must, we would 
think, be due to i*ace, that is, to teaching imparted to the original 
stock, or to direct imitation, for it could hardly arise from the one 
tribe giving oral information to another seeing that the diversities 
of tongues are so great that no less than twenty-five languages ai^ 
said to be spoken in three hundred miles of coast west of Kedscar 
Bay. 

The statements made by writers regarding the disposition of the 
peojile differ very widely ; but, upon the whole, the later accounts' 
present the natives in a light much more favourable than tlic 
earlier ones. The disposition they manifest would, indeed, seem 
greatly to resemble that of many tribes and peoples nearer home 
— that is, to depend much upon the way in which they are met 
and the way in which they are treated Though found at first on 
the Fly River to be distrustful and hostile, and disposed to attack 
the boats of the travellers whenever opportunity offered, it was 
subsequently found possible to trade with them with complete 
safety, and apparently to the great satisfaction of all parties 
engaged in the barter which was established. Captain Moresby 
had one hostile encounter, which was fortxinately ended without 
bloodshed — a rifle bullet which struck the shield of a chief and 
spun him round so acted upon his nerves that he bolted, and was 
immediately follow^ed by all his retainers. After that encounter 
Captain Moresby saw a good deal of the inhabitants, and found 
them generally docile and kind, so that he and his officers and 
men mingled with them, without the slightest apprehension of 
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danger. The most recent accounts indicate that the improvement 
in the people of the eastern peninsula, arising from the influence 
of the missionaries, who have been at work there for a number of 
years, is becoming quite manifest. 

Like the Dyak of Borneo, the Papuan is a hunter for heads, 
with which (or rather the skulls) he decorates his dwelling. Our 
information respecting the object to be gained by taking heads is 
far from perfect. Probably we shall not be very wrong in sup- 
posing that by this means he seeks to demonstrate his prowess, and 
thereby, like the Dyak, to i-ender liimself worthy of the sable 
beauty whose hand he demands in marriage. He is vain of the 
number of murders he has committed, for they entitle him to 
decorate himself in a peculiar fashion. In the eastern peninsula 
each murder is indicated by a piece of wood, bone, tuft of hair, or 
some other object being hung roimd his neck, and sometimes to 
the number of twenty; while in the west he decorates his head 
with the feathers of the white cockatoo, adding an additional 
feather for each murder he commits. Though the Papuans usually 
have only one wife, polygamy is permitted, and is, at all events, 
sometimes pituitised by the chiefs. Referring to the eastern 
peninsula, Mr, Lawes says: — "The position of women among the 
coast tribes is not so low and degraded as is often the case among 
barbarous races. They are pi*oud and haughty, have veiy long 
tongues, and know how to use them ; in short, they are able to 
hold their own, and sometimes a little more." * * **The 
women can paddle their own canoes quite as well as the men. I 
have seen a double canoe, propelled by twenty -four women, flying 
over the water in the lagoon, the women keeping i)erfect time with 
their paddles, every arm lifted at the same moment, and every 
paddle turned simultaneously." 

The people in the eastern peninsula seem to have no set religious 
belief; they fear an evil spirit, but do not seek by sacrifice or 
oflcrings to propitiate his favour. In the centre of the island, 
however, and towards the west end, the people avo idolaters, and 
possess idols of various kinds, and houses or temples in which 
these idols are kept. 

Some writers aver that the Papuan is a camiibal, and others 
that man-eating is not practised Having plenty of other food is 
supposed to be a presumption in his favour, and so it would were 
cannibalism always resorted to for lack of other food. But this, 
unfortunately, is not the case, for it is often resorted to on account 



222 Philosophical Society of Glasgow 

of a distinct liking for human flesh. That such is the case with 
many of the natives of New Guinea has now been accurately 
ascertained. In the letter of 19th December last, already referred 
to, respecting the recent journey made by Mr. Chalmers in the 
Gulf of Papua, a considerable distance west of Redscar Bay, Mr. 
Lawes says — " He (Mr. Chalmers) found the people generous and 
hospitable. They are certainly cannibals, but only as concerns 
their enemies. Sorcery and superstition have their home amongst 
these tribes. One dxihu^ or sacred house, visited, is described by 
Mr. Chalmers as the finest he had ever seen. Two large posts, 80 
feet high, support the large peaked portico, which is 30 feet wide, 
while the whole building is 160 feet in length, and tapers down in 
height from the front A large number of skulls of men, ci*ocodiles, 
cassowaries, and pigs, ornament it The human skulls are those 
of their victims who have been killed and eaten by them. They 
speak of this as the greatest luxury, and think those are fools who 
despise it." Dr. Finsch, a German naturalist, who resided three 
years in the neighbouring island of New Britain, found the same 
practice and the same opinion prevailing there. The people, 
though kindly in disposition, looked upon prisoners of war as 
booty, and ate them because they liked human flesh. He had 
the rare opportunity of being present on one occasion when a 
victim was being cut up. The operators went about the work 
in the same every-day sort of manner as a butcher in this country 
does when cutting up a sheep, and the spectators looked as if the 
matter were an aflair of ordinary occurrence. 

The people evidently live in settled communities, cultivating 
various vegetable products, fishing and trading, and are only 
partially nomadic. In the eastern peninsula the government is 
patriarchal ; the chief having a good deal of power over the 
family, or small community, but comparatively little over each 
separate individual composing it. In the west end the chiefs are 
called rajahs, a name apparently imported by the Malays, and 
descnbing probably a state of afiairs not diflering greatly from 
that which prevails in the east 

Tlie labours of the German missionaries near Dorey do not 
seem to have borne much fruit. On the other hand, the labours 
of the missionaries of the London Missionary Society in the eastern 
peninsula have been very beneficial. Many of the natives, old 
and young, are under tuition; and the bearing of the people in the 
vicinity of the missionary settlements has been obviously improved. 
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In addition, the missionaiies have been very active and yery 
successful in making exploring expeditions to many parts of the 
coast and the interior ; and much of the best information we 
possess is due to their persistent eflforts to open up the country 
and ascertain the true condition of the people. 

Though the flag of Great Britain has been unfurled in several 
localities of the eastern portion of the island, formal steps have 
not been taken to annex that region to our Australian possessions. 
It is somewhat otherwise with the Dutch, who, by acts to be 
subsequently specified, have annexed the western portion of the 
island to their government or province of Temate. In doing so, 
the Dutch are understood to profess that they merely enter upon 
the rights of the Sultan of Tidore, a Mahometan pnnce, who has 
long been subject to them. It is probable, however, that the 
rights of this Sultan did not extend on the south coast eastward 
of Gape Bum, and it is known that on the north coast they 
were not recognised east of Geelvink Bay; therefoi-e, in making the 
boundary line extend from long. 140' 47" E. on the north coast to 
141' E. on the south coast, a territorj^ was aimexed far beyond 
the limits covered by the pretensions of the Sultan of Tidore, 
including, in fact, a region above 400 miles across, and totally 
unknown. 

The first step in thi? annexation was taken in 1828. On the 
24th August of that year the Government Commissaiy, Van 
Delden, by proclamation, took possession of the south-west and 
north coasts, but to what extent do«s not appear. This act was 
followed by the building of a wooden fort, named Du Bus, at 
Merkus Oi-d, on the south-west coast, lat 3° 42' 40" S., long. 
134" 15' 5" East; which was abandoned in 1836 on account of 
the uuhealthiness of the locality. The next step was taken in 
1848. In the month of July in that year a decree, issued by Uie 
Governor of the Dutch East Indies, declared the Dutch territory 
to extend to a line drawn between Humboldt Bay, long. 140° 47' E., 
on the north coast — long. 141° E. on the south coast, and to be 
included in the Eesidency of Temate. As evidence, apparently, 
of this annexation having been made, four iron- wood posts were 
erected at various points, each having on it an oval iron plate 
bearing the Dutch arms, and a legend, Nederlanaeh Indie (Dutch 
India). These posts, however, instead of being fixed at the 
extreme limits of the newly-acquired territory so as to mark its 
extent, were all fixed near anchorages in Geelvink Bay — one at 
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Dorey, on the north-west coast; another at Sook, on the south 
coast of the island of Willem-Schouten; a third at the Tillage of 
Ansus or Ansoos, on the south coast of the island of Jappens or 
Jobi; and a fourth on the island of Eun or Hhun. Besides this 
the coasts are visited annually by an officer in the war steamer 
stationed in the Moluccas, for whose use a coaling station has 
been erected at Dorey. Very soon after this annexation had 
taken place, the new boundary lino was introduced into Dutch 
maps. We find it carefully laid down in the map of New 
Guinea, dated 1853, which appears in the elaborate Atlas of the 
Dutch East Indies, edited from official documents by Baron 
Melvill van Gamble. In 1857 the Dutch sent a scientific expedi- 
tion to survey some poi*tions of the island, and endeavour to find 
a good position on which to fix a Government settlement. C. B. 
H. von Rosenberg, a German gentleman in the Dutch service 
who resided thirty years in the Dutch East Indies, accompanied 
this expedition, and has given an interesting narrative of his 
observations in a work entitled "Der Malayische Archipel." 
Three points were visited, at each of which explorations were 
made — one on the south-west coast, one on the north-west coast 
at Dorey, and a third at Humboldt Bay — but the author does not 
say that a suitable position was discovered. Apparently no action 
has been taken to establish a Government official on the island, 
for in 1873 a traveller who wished to obtain protection was in- 
formed by the Dutch officials that they could not give it, and that 
even the German missionaries who were settled near Dorey on the 
island of Mansinama, were quite independent. It would seem, 
therefore, that the Dutch authority in the island of New Guinea 
must be exercised in a very shadowy manner, and far from being 
such as to warrant the belief that annexation, in the proper 
meaning of that word, has really taken place. 
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XXIT. — How Snioke inay he Profitably Consumed. By 

Alexander Pinkerton. 



[Read l)eforo the Society, 30th April, 1884.] 



The "smoke nuisance" is an old and much-discussed subject. As 
far back as the fifteenth century we learn of active measures 
having been taken against the nuisance. Since these days the e\dl 
has not decreased, and all will agree that, if necessity existed in 
these times that active measures should be taken with the evil, 
the need is ten thousand-fold greater now. Authorities have been 
exercised in every generation, but especially in this, that the 
offenders should be punishable by criminal procedure, expecting 
thus to force the employers to look strictly after their stokers. 
In a few cases, where the power of steam production is ample for 
their requirements, it is possible, by careful firing, to so decrease 
the output of smoke that the^uthorities can make no charge against 
them. But as these cases wei'e necessarily few, it therefore became 
needful that a cure should be found for the nuisance; and, iis 
** necessity is the mother of invention," genius was early employed 
in seeking a remedy. Smoke, it was discovered, is valuable mate- 
rial thrown away, and nothing will call forth ingenuity so quickly 
as that which affects our purses. But in the interests of health 
the question has also assumed some importance, so our medical men 
have expressed themselves strongly on the evils caused by the 
inhaling of these nauseous gases. It is patent to all that that 
which blackens the hands and face in a few hours, and soils our 
linen in a day's time, camiot be acceptable to our lungs. Tliis 
fact is made almost daily evident to us by numerous living illus- 
trations of sufferers through an impure atmosphere. 

The absence in our great cities of nature's adornment — the green 
grass and the sweet-scented flowers — is not all attributable to the 
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value of the soil. On the contraiy, we find the deisre for liowers 
and perfume so strong that all ranks of society attempt their 
growth in their houses. But the great bugbear to their healthy 
nourishment is the quantity of carbonic acid which is floating 
about in the atmosphere, blackening and closing up the lungs of 
the plant. In the removal of this evil I venture to say that a 
treble good would be realised. First, we should have a compara- 
tively pure atmosphere; second, we should have a greater abundance 
of vegetable life to inhale the carbonic acid exhaled from the 
animal kingdom and from other sources; and thii'd, the pleasure 
and joy of their presence to all lovera of nature. It were easy to 
recount a numerous host of evils attendant upon a smoky atmos- 
phere — such as the depreciation in value in all goods exposed for 
a few days ; the increased necessity for renovation of our homes, 
and the oft-repeated washings of all home napery, &c.; besides the 
weightier matters already refeiTed to. But this is scarcely needful 
to prove the necessity of our being at some pains to attain such a 
desirable end. 

Over and over again the subject has engaged the attention of 
scientific men, and many and most ingenious have been the appli- 
ances which have been produced. The passing of air into the 
furnace in some manner has gained the most acceptance ; so we 
find the doors of the furnaces fitted with special appliances, the 
fire bridges made hollow or of perforated cast-iron, and also tubes 
carried over the bridge, with the air outlet immediately beyond. 
Air forced by steam has also been freely used. The method which 
I wish to lay before you (as you will have observed from this out- 
line) has simply this old force — atmospheric air applied in a 
different manner, and to all appearance a more effectual than any 
yet adopted. Some will say this is a forty-year-old idea, and is 
thi-eadbare. Suph criticism has been passed upon it already; but 
when the appliances have been seen in operation this judgment 
has been reversed. If we look into the history of any of the great 
inventions in use in our time, we shall find that a perfect idea is 
seldom, if ever, bom with the originator of the thought, and as 
successive minds look into the merits and demerits of the question, 
improvements are suggested and patented. So with this question. 
While atmospheric air has a long time been used to aid in complete 
combustion, the exact method of applying that air is entirely new. 

After having experimented for some time, and applying air 
under different conditions to the furnace, the inventor has reatod 
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with the idea you see illustrated in this outline, and which, so far 
as he can see, causes perfect combustion, with the advantages 




^^-h 



which perfect combustion aJiould give. The following may be 
accepted as a description of the appliance : — 

A cast-iron box, say about 30 inches long, and about 2 inches 
less than the width of the flue, is fitted into the lower half of the 
flue, immediately behind the furnace bars. The depth of this box 
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at its centre may be about from 8 to 12 inches, according to the 
size of the ashpit of the flue. The upper surface of this box, which 
is flat^ reaches to a level with the lower edge of the furnace bars. 
At the l»ack end of this box we have an apt^rturo 6 inches wide, 
and extending from side to side of the box ; over this aperture a 
nozzle is fixed, which is inclined towards the furnace. The aperture 
at the mouth of this nozzle is 1 inch hy 30 inches, or more, accord- 
ing to the width of the flue. The front of the box is fitted with a 
door, hung upon its upper edge, which is opened and closed by an 
automatic appliance. The first aperture beneath the fire bridge 
may contain between three and four hundred square inches, the 
second aperture only contains one hundred and eighty square 
inches, while the third and last contains only thirty square inches. 
There is thei-efore a greater pwssuro of air put upon the mouth of 
the nozzle by the gradual conti*actions which have been made. 
The ordinary fire bridge is built at the end of the furnace, and 
ix^sts on the top of the air box in front of the nozzle. A second 
bridge is built behind the air boxes. The air passage over this 
bridge is calculated according to the requirement of the flue. It 
is made circular, higher in the centre, and tapered down at each 
side to meet the sides of the flue. This bridge has been found to 
serve several purposes. According to its position at a greater or 
less distance from the fii*e, the draft of the flue can be weakened 
or increased. The fire-brick being heated to a white heat forms 
an intensely hot chamber in front, and keeps the air box always 
at red heat. Then the bridge, being circular at the top, spreads 
the flame round the entire half of the upper part of the flue, 
thereby giving a greater heating surface. The air box and nozzle, 
l>eing always at a heat equal to the temperatui*e of the flue, heats 
the air in its passage through it, so that heated air is supplied to 
the furnace, and not cold, as some have atsserted. One gentleman, 
dubious of the heat which the box was said to contain, testcil it 
by placing on the top of the box a piece of lead, also hanging the 
same in the mouth of the nozzle. The lead on the box, when 
looked for, had been completely melted, and was mingled with the 
flue dust ; that on the mouth of the nozzle had run through into 
the box, and was also mingled with the flue dust at the bottom, 
thus proving that the box and nozzle must be red hot. 

Respecting the automatic airangement, the power nearest to the 
boiler front is made use of, the speed i*educed by means of a 
ratchet, and brought by pinions down to a level with the moiiilv 
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of the ilue. A rod is passed along the front of the grate, which 
maJces one revolution in six or eight minute& This rod is turned 
by means of a small ratchet and a wyper. The fireman, when 
about to stoke his fire, throws back his furnace door, which action 
pi'esses a check which allows the weight to dix)p, causing the rod 
to make a sudden revolution, and opening the valve on the box 
by means of the rod and chain connection. The ratch then gi*adu- 
ally closes until a blank on the ratch is come to, when it ceases 
until the furnace door is again thrown back. 

The 2&ir which supplies the nozzle having to pass beneath the 
furnace bars is partially heated in its passage. Entering the box, 
which I have said is red hot, and passing through the nozzle, it 
meets the gases just above the fire bridge, converting the smoke 
into a brilliant flame, which fills the furnace, and continues to do 
so until the smoke is exhausted. Air passed into the fui*nace by 
the doors has the tendency to reduce the temperature, or if air were 
allowed to pass into the flue when the smoke is exhausted the 
result would be the same ; therefore the purpose of the automatic 
action, which by degrees closes the supply valve and allows less 
air to pass as the necessity for it decreases, and is entirely closed 
when the smoke is entirely burned. If air be admitted from the 
front of the furnace and behind the bridge at the same time, a 
little light smoke may be seen, but this only lasts the length of 
time which the furnace door may be open in stoking the fire. If 
a less supply of air be given than the proportion which I have 
indicated, total consumption will not be accomplished, and we have 
found it not disadvantageous to have an abundant supply, for by 
the regulated action the supply diminishes as the smoke lessens. 

Now, it is self-evident that if the smoke be kept in the furnace 
the flues must have less dust and soot ; and such is the case. The 
flues, which aforetime were wont between cleanings to bo half- 
filled with dust, will now not contain more than three or four 
inches in the same period. Soot, the natural consequence of 
smoke, is not now formed. The boiler flues and sides are thus 
kept in very much better order. They cannot be subject to the 
same tear and wear as if soot was allowed to gather on the sides 
and requires a jjeriodical scraping. Being clear of soot, and com- 
paratively clear of dust, a greater heating surface is gained, for 
there is no better noD-conductor than soot. It is possible, there- 
fore, to produce steam much quicker. Smoke is virtually fuel 
thixiwii away. To stop this great waste has l)een the object of 
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the patentee ; but how to do so to protit was the difficulty. B7 
this method, now explained and illustrated, this object has been 
realised, and tlie consumer can be guaranteed a saving of the \'alue 
of the smoke. Passing through the flues a flame instead of black 
smoke, it stands to reason that greater heat is realised. One test 
with best Wishaw dross showed that, using this apparatus, 9^ lbs. 
of water were evaporated to the 1 lb. of coal, and without it 6i lbs. 
of water to the 1 lb. of coal, showing an inci-eased evaporation by 
50 per cent Burning an inferior fuel, less results may be expected. 
If more steam is not required, then the problem will work both 
ways, and fuel may be and is saved. The proportion here also 
varies, accoixiing to the quality of material burned. One gentle- 
man tells us that he has a considerable saving of fuel, besides steam 
to dry 1,000 lbs. of yam extra \^r day; this off two double-flued 
Cornish boilers. Another gentleman accepted the appliance on 
approbation, with the condition that unless it burned smoke and 
saved fuel it should be withdrawn. This gentleman has since had 
other two of his boilers fitted with them. In another case the 
cost of the apparatus was saved in one year. These are facts 
worthy the attention of business men, for, while we all like to be 
credited with pliilantlu'opy, it is much easier becoming a public 
benefactor when we have nothing to lose but everything to gain. 

Unless a distinct saving is realised by the consumer, the appa- 
ratus is not reckoned successful. In fact, a saving is guaranteed 
by the patentee. 
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XXIII. — Abstract of a communication " On the Prevalence of 
Rickets in tJie City of Glasgow and in the West of Scotland^ 
and the Relation of Rickets to the Food and Water used," By 
James Thomson, F.G.S., Honorary Member of the Royal Ducal 
Society of Jena; Corresponding Member of the Eoyal Society 
of Science of Li^ge ; and President of the Biological Section 
of the Philosophical Society of Glasgow. 



[Read before the Society, 2ud April, 1884.] 



Struck with the prevalence of physical deformities in the limbs 
of children, the author has for several years been collecting 
statistical information, and he has also inquired into the causes of 
such deformities. The results of his inquiry are as follows : — 

I. — Supposed Causes. 

There is a potent reason for my present communication apart 
from its scientiiic bearings. There is a humanitarian consideration 
of no mean magnitude, which must present itself to every well- 
wisher of tlie rising generation, i.e., the enormous increase of this 
dire calaiiiity of late years, namely, rickets in young children. 
And there is no problem so significant, or so important, as the 
fact that the increase of these deformities is of recent date; and if 
theie be any fact, or any inquiry which is even more significant 
or more impressive, it is that as regards the cause or causes of this 
recent change in the physical aspect of the young and rising 
generation. As regards the cause of this new condition — so 
recent, so fresh, all but unknown in preceding times, so clear and 
close at hand — we have not as yet one single reliable reason 
assigned for such conditions. The ever active mind of man was 
never more alive or better adapted to such inquiries ; but the kind 
of explanation needed lies in a higher and a deeper system of 
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1 series I have introduced into four of thotso vwjw^I* c\\i«uuv^ 
carboniferous limestone^ in ditlerent [vroportioiui ; into N\v 21 
there is added a quarter of an ounci^ of linux^twiio ; into N\v %t^ 
half an ounce ; into Na 4, three-quarters of hu ouui\> ; Aud iut\^ 
Xa 5, an ounce of limestone. In the ntssoI Na 1% in which 
there b no limestone, the water became stimiowhut tuH\id in 
twelve hours; the experiment has gone ou far »ixtwu >vi>ekn aiul 
it is of a milky-white coloiur. In the other four xnwoln, iu |>i\> 
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In order, however, to test this still furtlior, I \u\yt^ iut^nUuMHl 
into each of No. 2 series of vessels a siuxilivr qunutity of wnlt^r 
and lead, but instead of limestone I lia>*o addtnl u Holution of 
slaked lime. In the one in which thon> is no solution of liu\o 
there was a perceptible altemtion in tlio colour of tho wator lit 
the end of twelve hours. In the others thoro was intnuUu'od tlu^ 
solution of lime, in the following proi>ortionH : — 10. 15, LM), and 
25 minims. The results are equally pronounced, altho\ij;(li nouio- 
what diflerent Instead of the turbid residue wo havo a number 
of white flakes, and these decrease in number in pro[)ortiou to tho 
quantity of lime solution introduced. 

In order that this should be still further tosteil, I introduood 
into another series of vessels a similar quantity of diitlllod waior. 
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In one of these there is simply water and lead, similar to what 
was used in the previous four experiments ; into the others, a 
similar quantity of water and lead, adding 5, 10, 15, and 25 
minims of the solution of lime into the diflferent vessels. The 
results are somewhat similar to that of the preceding, but, if any- 
thing, the action of the distilled water is more intense upon the 
lead than it is in the water that is daily supplied to the community. 
Such results are suggestive, and provoke the question — If the 
water in daily use has the elements within it of such a character 
as to dissolve lead in so short a time, is it possible that it can 
influence either in retarding the growth, or softening or dissolving 
the bones of the hiuuan body? I am not in a ix)sition to answer 
either in the negative or positive, my object being simply to 
suggest inquiry. 

Simple and imperfect as these experiments are, we have in the 
results the clearest evidence that the chemical action of Loch 
Katrine water upon lead can be arrested by the introduction of a 
given proportion of lime ; then, if my crude experiments have not 
scientific accuracy, they do at least point to a i-emedy. 

2. Food Supply, — There is another i*eason we fi-equently hear 
assigned as the cause of these abnormal conditions in the bones 
of children, t.e., the great change in the character of the food 
supplied in early life. About eight years before the introduction 
of Loch Katrine water there was a large reduction upon the 
duty on tea. Since then the consumpt of tea has largely in- 
creased. Now, all know tliat tea, although a highly conser- 
vative article of diet and a i-efreshing beverage, more especially 
to the aged, has, however, little nutritious matter in it ; it 
is represented to contain only about 2^ per cent, of albumen, 
with other constituents it contains fully 15 per cent, of tannic 
acid. Now, previous to the I'eduction of the duty upon tea, 
the food of the labouiing portion of the community was moi'e 
or less varied. In these circumstances oatmeal was largely 
used — indeed, it might be said to fonu the staple constituent 
of the food of the lalK)uring classes. Now I find that since the 
year 1846 there has been a gradual diminution in the consumpt 
of oatmeal. It was in that year that the ]>otato blight took 
place. The inferior quality, the high price, and popular belief 
that the use of the potato was injurious, necessarily produced a 
great change in the dietary habits of the people. Up to that 
l)eriod, 1846, oatmeal was the staple article of diet for breakfast 
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and supper, potatoes were priucipally used at dinner. For a num- 
ber of years subsequent to the potato blight the increase in price, 
the dread of using potatoes, and the great reduction that took place 
after the prohibitive duties were reduced on the importation of 
grain, necessarily caused the population to seek a substitute for 
potatoes — ^which substitute was found in wheaten bread. The 
long-continued potato blight, and the compulsory use of wheaten 
iiour produced a corresponding change in the dietary habits of the 
population, inducing a largely increased appreciation of wheaten 
bread. And it is to be lamented that a want of chemical know- 
ledge in both the miller and the baker, and the haste to be rich, 
have fostered, and now pander to, the popular and delusive 
desire to have white bread. To produce such they are obliged to 
divest the grain of a portion of its nutritive matter, and thus the 
food is robbed of a portion of those elements from which the differ- 
ent organs of the body are formed — thus rashly and ignorantly 
divesting the food of those ingi-edients which in the chemical 
laboratory of Nature are dissolved, dispersed, and go to form the 
bones j they thus only leave in the flour those elements which im- 
perfectly form the flesh and tissues of the body. This degraded 
t€iste has been slowly developed ; and in proportion to the 
increased consumption of this masked deception in the form of 
flour, there has been a diminution in the use of oatmeal — indeed, 
so much so, that it is no unusual occurrence to hear of working- 
men's homes in which the old and nutritious ai*ticle of diet, porridge, 
is never used — 

" The halesome parritch, wale o' Scotia's food." 

Thus, in a large proportion of the honie« of the community, 
ignorance of the ordinary principles of dietetics is rudely 
trampling under foot the essential conditions of a vigorous and 
healthy existence. 

3. Increased consumption of Huyar. — Thei-e is, however, another 
article of diet the consumpt of which has largely increased of late 
years, namely, sugar. A few years ago the duty upon sugar was 
largely reduced ; about that time a number of articles appeai*ed in 
the newspapers advocating the delusive notion that sugar was a 
highly nutntive body. The use of sugar has increased to such an 
extent that, in the densely-populated districts, there is used a much 
larger pro^iortion of sugar than there is of oatmeal — indeed, in 
many of the centres of industry the proportion ranges from two to 
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ten tons of sugar for every ton of oatmeal. Now, in the food we 
use there are ingredients which, when brought into contact with 
the digestive juices in the alimentary canal, are converted into 
sugar before its dispersion throughout the body. The equivalents 
of sugar and other ingredients are arranged in de6nite and proper 
proportions; therefore, if there is any excess of sugar in the 
alimentary canal, its imdue admixture must have a more or less 
injurious effect, and I venture to state that the conversion of the 
excess of sugar into acid must interfere with the formation of the 
calcareous portion of the bones. 

The lowering of the price of sugar has induced a large increase 
in its consumption in varied forms, not only in the ordinary house- 
hold uses, but it has also fostered a largely increased consumpt of 
confects and jellies — indeed, the use of the latter has increased in 
some localities to such an extent that their use is superseding the 
use of butter, and there is, weight for weight, more jelly used than 
there is of oatmeal. And it is well known that unprincipled 
manufacturers of confects and jellies do not use pure sugar in the 
manufacture. The unnatural and unhealthy competition of the 
present day has induced some, not only to introduce deleterious 
mixtures for colouring, but also largely to use glucose, or fruit 
sugar, for cheapening both confects and jellies. 

Now, it needs no elaborate remarks to show that if those articles 
are used otherwise than as nature prescribes — and more especially 
by the children — ^the beautifully equipoised balance of nature is 
distorted, and fails in supplying those products that go to build up 
the bones, and, therefore, when the pressure and strain of the 
superimposed body is put upon the lower exti'emities, it is but 
natural to expect that some portion of the limbs will yield and 
become more or less distorted. 

4. Experiments as to Effects of Strong Solutions of Sugar <yn 
Dead Bones. — In order to know if sugar has an influence, or 
immediate action on bone, I have in those eight glass jars 
water, sugar, and the bones of the ox, sheep, pig, and human 
being, in the following proportions : — Into four of the jars we have 
four ounces of water, a quarter of an ounce of sugar, adding a 
quarter of an ounce of bone into each. Into the other four jai*s, 
four ounces of water, a half an ounce of sugar, and a quarter 
an ounce of bone. The bones have been immersed in the 
water and sugar since 17th of December, 1883. I find that each 
of the bones is more or less affected. The fatty matter is not 
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oiily withdrawn, but there is also a deposition of earthy matter 
at the bottom of each jar. The amount of these extracted 
matters is largely increased in the jars in which the larger pro- 
portion of sugar is added to the water. We have thus indicated, 
in these crude experiments, that bones, more or less matured, can 
be aflected by sugar.* With such evidence, it is but a fair in- 
ference to suppose that the great increase in the use of sugar must 
be more or less injurious to the growth of the bones in children. 

II. Statistical Inquiry. 

In order that an approximate estimate may be made of the 
extent and character of the deformities that have of late become 
so common amongst the children, I have pi*epared a few statistics 
from personal observation in different localities. 

The method of my observations is not by any means exhaustive; 
it, however, was the only means my limited opportunities would 
admit of, and will, I venture to hope, enable us to approximately 
estimate the alarming extent of the evil; and if we can evoke 
remedial suggestions, my crude communication, in the absence 
of scientific data may be of use ; and if it lead to more extended 
irquiry, and more accurate observation, my object in bringing 
this subject before you will be accomplished. 

The method adopted was to visit the localities afterwards to be 
enumerated during the earlier part of the day, when the young 
children were out enjoying themselves, and for the older children, 
either when they were collecting to attend school, or in the after- 
part of the day, when they are free from school. In all cases I 
usually counted all the children that were to be seen in each 
locality, and noted the deformed, and, as far as possible, the nature 
of the deformities. For the younger children, I confined my obser- 
vations to the ages of between 3 to 7 years, and, for the older, from 
the ages of 7 to 14 years. 

From what has been stated, you will readily understand the 
nature of my inquiry. In order that I may be understood, I will 
tabulate a portion of my observations, taking them in the order 

* Since this communication was read, James Maotear, Esq., F.C.S., St. 
RoUox Chemical Works, has kindly analyzed the solution in which the 
human bono was immersed, and has found that not only the carbonate 
of lime, but also the phosphates are held in solution in considerable 
quantities. We thus have the clearest evidence that a solution of 
sugar, by becoming acid, will dissolve the constituents of the bones. 
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they were collected ; and when noticing the nature and extent of 
these deformitdes, I will, as far as my information will admit, give 
a rough estimate of the proportions of oatmeal and sugar used 
in the different localities. You must not suppose, however, that 
these statistics are exhaustive, my opportunities would not admit 
of such. Let me here notice that, when I first began to observe 
these deformities, I did not note the nature and extent, as was 
subsequently done ; I simply noted the proportion of the deformed 
to those i)resenting no abnormal conditions. 

loth July, 1881. 

In Abbotsford Place, below Cumberland Street, S.S., the pro- 
portion of deformed limbs was 1 in 14 children. 

In upper Abbotsford Place, or above Cumberland Street, the 
proportion of deformities was 1 in 9. 

In Mackinlay Street, a continuation of the latter, the proportion 
of deformed children was 4 in 15, or 1 in 3 J. In this street the 
houses consist of two apartments. In upper Abbotsford Place 
the houses consist of two, three, and a few with four apartments. 
In lower Abl)otsford Place the houses consist of four, five, and six 
apartments. 

In Bedford Street, S.S., there was 1 child deformed in 7. The 
houses are varied, and consist of two, thi'ee, and four apartments. 

In Main Street, S.S., the proportion of deformities was 1 in 6. 

In Govan Street, S.S., the proportion of deformities was 1 in 6. 
The houses in those streets consist of one, two, and three apart- 
ments. 

.27th August, 1881. 

In Nithsdale Road, S.S., the proportion of deformities was 1 in 
9 children. The houses consist of two, three, and four apartments. 

In Main Street, Bridgeton, the proportion was 1 in 4 children, 
from 3 to 7 years ; and 1 in 92, from 7 to 14 yeara. The houses 
are mostly one and two apartments. 

In Greenhead Street, Bridgeton, there was 1 child in 9 de- 
formed. The houses consist of three, four, and five apartments. 

In John Street, Bridgeton, which extends from Main Street to 
Greenhead Street, there was 1 child deformed in every 3, from 3 
to 7 years. The houses ai-e small, and consist of one and two 
apartments ; population largely employed in mills. 
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In Thistle Street, S.S., near the foot of the sti'eet, there was 1 
child dofonued in 5 ; ages, from 3 to 7 years. 

JMt Auffust, 1S81. 

In the village of Carfin, Lanarkshire, which consists of one 
street, there was 1 deformed in every 3J children. The popu- 
lation is mostly Irish ; and all employed in coal mines. There is 
little oatmeal used in this locality. 

SOth Augmt, 1881. 

In Dairy, Ayrshire, there was 1 deformed in 150 children. 
Oatmeal is much used as ix>rridge, and it is also largely used 
baked into bread. 

26th Septembery 1881, 

In Henrietta Street, PoUokshaws, there was 1 child deformed 
in 9. There are 8 tons of sugar used for 1 ton of oatmeal, and 
there is more jelly sold than oatmeal in this locality. 

12th March, 1883. 

Neilston, 11.20 a.m. Between the ages of 3 and 7 years there 
was 1 child in 15 deformed. These consisted of knock-knees and 
bow-legs, and in all instances they are but slightly deformed. Nearly 
all the cases were amongst incomers to the village. Between the 
ages of 7 and 14 years there was 1 deformed in 128. 

In the village of Neilston there are fewer children seen upon 
the streets than in any other town in the central valley of Scot- 
land, which can only be accounted for from the fact that females 
form the greater portion of the population, and these are mostly 
employed in the thread and other public works, and many of them 
are thus employed till they ai*e considerably advanced in Ufa Tea 
and sugar are largely used. One merchant informs me that he 
sells twenty tons of sugar for one ton of oatmeal. This is accounted 
for from the fact that in the public works the hours of labour are 
from six in the morning to six in the evening, and the distance 
between their homes and the works is so great that they have not 
time to cook any other kind of food than tea. Hence the reason 
for the small numl)er of deformed children and the extraordinary 
use of tea and sugar. 
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2 of the children the legs were much curved laterally outwards, 
or bowlie; 1, the left leg was much curved laterally outwards, 
and the right leg was slightly curved laterally inwards; 1, the 
legs were cui-ved laterally outwards and slightly anteriorly; 1 in 
which the legs were much curved anteriorly, and the lower portion 
of the tibia and fibula were much enlarged and overlapped the 
astragalus and os calcis. 1 child deformed in every 2|. 

Caledonian Road, S.S., opposite the gate of the Southern 
Necropolis, 6 p.m. Ages of children, from 3 to 7 years. 

There were 9 children upon the street; 5 of these children 
were deformed. 

1 of the children was badly knock-kneed ; 1, the centres of the 
legs were curved anteriorly at an angle of about 25 degrees; 
this child could not walk, the head was unusually large ; 2, the 
legs were curved laterally and outwards, or bowlie ; 1, the right 
leg was much curved laterally and outwards about 3 inches below 
the knee. 5 children in 9 deformed. 

7th June, 1883. 

Fauldhouse Street, Rutherglen Road, 3 p.m. Ages of children, 
3 to 7 years. 

There were 9 children upon the street; 4 of these children were 
deformed in the legs. 

1 of the children the legs were much curved laterally inwards 
in the centre, feet large posteriorly, and flat; 1, the legs were 
curved anteriorly about the middle; 2, the legs were curved 
laterally and outwards, or bowlie. There is 1 child deformed in 
the legs in 2\. 

Oatland Square, S.S., 4 p.m. Ages of children, from 3 to 7 
years. 

There were 17 children upon the street; 5 of these children 
were deformed in the legs. 

1 of the children the legs were laterally curved outwards, or 
bowlie ; 2, the legs were nill-kneed, large feet, abdomen large, 
and the anterior portion of the head is large; 2 with legs 
curved anteriorly, one of these was much deformed. There is 1 
child deformed in the legs in about 3^. 

Braehead Street, off Rutherglen Road, near east end, 4.15 p.m. 
Age of children, from 3 to 7 years. 
Vol. XV. q 
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There were 8 children upon the street; 4 of these children 
were deformed in the leg& 

1 of these children the 1^ were conred latenllj ontwards, or 
bowlie; 1, the legs were slightly curved laterallj outwards; 1, the 
legs were curved laterallj inwards a litUe above the middle of the 
leg ; 1, the legs were curved anteriorly in the middle of the 1^. 
There is 1 child deformed in the legs in 2. 

There are 6 tons of sugar sold in thb locality for 1 ton of 
oatmeal. 

Kutherglen Road, Polmadie, 4.40 p.m. Ages of children, from 
3 to 7 years. 

There were 14 children upon the street; there were 5 of these 
deformed in the legs. 

1 of these children the legs were much curved laterally out- 
wards, or bowlie; 1, the legs were slightly curved laterally out- 
wards; 1, the legs were curved laterally inwards near the upper 
end of the fibula; 1, the legs were curved anteriorly in the centre: 
1, the legs were slightly iiill-kneed. There is one child deformed 
in the legs in 2^. 

Oatmeal is lx)ught in single pounds; there are 6 tons of siiq^ 
for every ton of oatmeal sold in this locality. 

nth June, 1883. 

New City Road, 10.30 a.m. Age of children, from 3 to 7 years. 

There were 14 children upon the street; there were five of these 
deformed in the legs. 

1 of these children the legs were much curved anteriorly; 1, the 
legs were slightly curved anteriorly; 1, the legs were curved 
laterally inwards below the knee; 1, the legs were much curved 
laterally inwards or badly bowlie; 1, the legs were slightly curved 
laterally outwards. There is 1 child deformed in the legs in 2$ 
children. 

Oatmeal is little used. 

13th June, 1883, 

Orchard Street, Partick, 3 p.m. 

There were 10 children upon the street; 3 of these were deformed 
in the legs. 

1 of these children the legs were nill-kneed, abdomen and feet 
large; 1, the legs were curved anteriorly at the middle; 1, the legs 
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are much curved laterally, or badly bowlie. There is one child 
deformed in the legs in 3^ children. 

13th Jtme, 1883. 

Hosier Street, Partick, 3 p.m. Age of children, from 3 to 7 
years. 

There were 6 children upon the street; there was 1 child curved 
laterally outwards or bow-legged. 

Oatmeal is little used. 

nth June, 1883, 

Langlands Koad, Govan, 4.30 p.m. Age of children, from 3 to 
7 years. 

There were 1 1 children upon the street ; 3 of these were deformed 
in the legs. 

1 of these children the legs are curved laterally outwards in the 
middle of the fibula; 1, the leg is curved anteriorly above the 
astragalus; 1, the legs are nill-kneed, and fibula curved inwards 
near the middla 1 child deformed in the 1^ in 3|. 

Oatmeal is bought in single pounds, and little used; there are 
about 5 tons of sugar sold for 1 ton of oatmeal. 

16th June, 1883. 

Henrietta Street, PoUokshaws, 12 noon. Ages of children, from 
3 to 7 years. 

There were 18 children upon the street; 5 of these were slightly 
deformed in the legs. 

2 of these were slightly nill-kneed; 2, the legs were laterally 
curved outwards; 1, the legs were curved anteriorly. There is 
1 child deformed in the legs in 3|. 

There are about 3 tons of sugar for each ton of oatmeal sold in 
this locality. Wheat flour has taken the place of the oatmeal. 

20th June, 1883. 

Abercrombie Street, Calton, Glasgow, 12 p.m. Ages of the 
children, from 3 to 7 years. 

There were 6 children upon the street. 2 of these were deformed 
in the legs. 

1 of the children was nill-kneed ; 1, the middle of the leg was 
twisted outwards and anteriorly ; this child walked upon the outside 
of the feet. There is 1 child deformed in the legs in 3. 
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21st June, 1883, 

Castle Street, opposite the Royal Infirmary, 11.30 a. in. Age 
of the children, from 3 to 7 years. 

There were 5 children upon the street. 2 of these were 
deformed in the legs. 

1 of the children the legs were curved posteriorly at the knees, 
the pelvic region was much projected, and the child had great 
difficulty in walking; 1, the legs were curved anteriorly at the 
middle. There is 1 child deformed in the legs in 2 J. 

Albert Street, off Glebe Street, Townhead, 1.30 p.m. Age of 
children, from 3 to 7 years. 

There were 26 children upon the street 8 of these were 
deformed in the legs. 

1 of these children the legs were much curved laterally inwards 
below the knee ; 1 was nill-kneed ; 1, the legs were much curved 
laterally outwards, or bowlie; 1, the legs were curved anteriorly 
about the middle; 4 were more or less slightly deformed. There 
is 1 child deformed in the legs in 4^. These children seemed to 
be well cared for. 

7th July, 1883. 

Foot of Carmichael Street, Govan, 2.30 p.m. Age of children, 
from 3 to 7 years. 

There were 10 children upon the street. 3 of these were 
deformed in the legs. 

1 of these children the legs were badly curved laterally outwards, 
or bowlie ; 1 was nill-kneed ; 1, the leg was much curved anteriorly 
in left leg. 

There is 1 child deformed in the legs in 3 J. 

There was 1 20 children upon the street. Age, from 7 to 14 years. 
2 of these were deformed in legs. 

1 of these, a girl, was badly curved laterally outwards; 1 was 
slightly curved laterally outwarda 

There are 4 tons of sugar sold for 1 ton of oatmeal. 

20th July, 1883. 

Victoria Street, Govan, 11.30 a.m. Age of children, from 3 to 
7 years. 

There were 32 children upon the street; 4 of these were 
deformed in the legs. 



)■ 
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2 of these were curved laterally outvrards; 1 was nill-kneed, and 
" shachly '' in walking; 1, the tibia was laterally cur\'ed outwards in 
one leg. There was 1 child deformed in the legs in 8. 

Oatmeal is much used in porridge, and some families bake oat- 
meal cakes. This is amongst the Scottish portion of the community. 
But amongst the Irish portion there is little oatmeal used, and the 
deformities are more frequent amongst the children of the latter 
than amongst the former. 

2Srd July, 188S. 

Smith Street, Whiteinch, 12 noon. Ages of the children, from 
3 to 7 years. 

There were 20 children upon the street ; 8 of these were more 
or less deformed in the legs. 

4 of these children were much curved inwards in the middle of 
the legs ; 1, the legs were slightly cur\'ed inwards in the middle ; 
2, the legs were curved outwards from the knee downwards ; 1 was 
nill-kneed. 1 child deformed in the legs in every 2i children. 

There are 3 tons of sugar sold for every ton of oatmeal. 

24ih July, 188S, 

White Street, Govan, 1 p.m. 

There were 11 children upon the street; 4 of these were de- 
formed in the legs, in which the centres of the legs were curved 
laterally outwards. There is 1 child deformed in 2| children. 

There are 4 tons of sugar sold for 1 ton of oatmeal. 

Victoria Street, Go van, 5 p.m. Ages of children, from 3 to 7 
years. 

There were 32 children upon the street ; 8 of these were more 
or less deformed in the legs. 

1 of these childi'en was much curved anteriorly in the middle 
of the legs ; the others were nill-kneed, and laterally curved out- 
wards. There is 1 child deformed in the legs in every 2§. 

There are 4 tons of sugar sold for 1 ton of oatmeal. 

25tli Jtdy, 1883. 

Carmichael Street, Govan, 5.30 p.m. Ages of children, from 3 
to 7 years. 

There were 9 children upon the street ; 2 of these were deformed 
in the legs. 
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1 of the children the 1^ were much curved anteriorly; 1, the 
legs were badly nill-kneed, and slightly curved anteriorly about 
the middle of the legs, with large abdomen. There is 1 child 
deformed in the legs for every 4^. 

30th July, 1883. 

Graham Street, Airdrie, 4.5 p.m. Ages of children, from 3 to 
7 years. 

There were 1 6 children upon the street ; 3 of these were deformed 
in the legs. 

1 of the children was nill-kneed and weakly in the back ; 1, the 
legs were badly curved laterally outwards ; 1, the legs were curved 
anteriorly about the middle. There is 1 child deformed in the 
legs in every 5J^. 

There are 6 tons of sugar sold for 1 ton of oatmeal. 

3l8t Jvly, 1883. 

Whifflet, 11.30 a.m. Age of children, from 3 to 7 years. 

There were 16 children upon the street 

There were 3 of these children much curved laterally and out- 
wardly. The children in this locality are otherwise strong and 
healthy looking. There is 1 child deformed in the legs in every b\. 

There are 3 tons of sugar sold for 1 ton of oatmeal. 

3rd August, 1883. 

Renton, 10.45 a.m. Ages of the children, from 3 to 7 years. 

There were 37 children upon the street; 3 of these children were 
deformed in the legs. 

1 of the children the legs were slightly curved laterally out- 
wards; 1 was nill-kneed, and weakly in the pelvic region; 1, the 
legs were curved laterally outwards near the base. There is 1 
child deformed in the legs in 12^. 

Oatmeal is daily used, unless by the Irish portion of the 
community. 

3rd August, 1883. 

Dumbarton, Main Street, 12 noon. Ages of children, from 3 to 
7 years. 

There were 12 children upon the street; 2 of these were 
deformed in the legs. 
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In 1 of the children the legs were slightly curved anteriorly and 
laterally in the middle; 1, the legs were curved anteriorly, and 
the OS calcis is much enlarged. There is 1 child in 6 deformed 
in the legs. 

There are 2^ tons of sugar sold for 1 ton of oatmeal. 

4/1 August, 1888. 

Larkhally 1 p.m. Ages of the children from 3 to 7 years. 

There were 30 children upon the street : 3 of these were de- 
formed in the legs. 

1 of the children the legs are curved laterally outwards; 1, the 
legs are weakly and "shachly;" 1 is nill-kneed. There is 1 child 
deformed in 10. 

Oatmeal is used by the Scotch in porridge and cakes, but not 
by the Irish. 

There were 120 children upon the street from 7 to 14 years, 
1 of these was nill-kneed. 

18th Augtist, 1883. 

Tobago Street, Oalton, Glasgow, 12.30 p.m. Ages of children, 
from 3 to 7 years. 

There were 9 children upon the street; 3 of these were deformed 
in the legs. 

1 of the children was shachly-legged and generally weakly; 
1, the legs, were curved laterally outwards a little below the knee, 
the curved portion was about 3 inches long; 1, the legs were 
curved anteriorly in the middle. There is 1 child deformed in the 
legs in 3. 

Oatmeal is little used in this locality. 

loth August, 1883. 

Claythom Street, Oalton, 12.45 p.m. Age of children, from 3 
to 7 years. 

There were 21 children upon the street; 5 of these were de- 
formed in the legs. 1 of the children the legs are much curved 
inwards below the knee, and outwards immediately above the 
OS calcis, the tarsi are unusually large; 1, the left leg is much 
curved inwards; 2, the legs are curved laterally outwards; 1, the 
legs are curved anteriorly at the middle. There is 1 child de- 
formed in the legs in every 4f . 

Oatmeal is little used in this locality. 
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Bankier Street, off Claythom Street, Calton, 12.50 p.m. Age 
of children from 3 to 7 years. 

There were 9 children upon the street; 3 of these were deformed 
in the legs. 

1 of these children the right leg was curved laterally outwards, 
and much curved inwards below the knee in left leg; 1, the legs 
were curved anteriorly a little above the ankle, and in-kneed and 
wriggled much in walking; 1, badly nill-kneed, abdomen large, and 
pelvic region much protruded. There is 1 child deformed in every 
3. Oatmeal is little used. 

17th August, 1883. 

Lanark, 3.15 p.m. Ages of children, from 3 to 7 years. 

There were 22 children upon the street; 3 of these were 
deformed in the legs. 

1 of the children was nill-kneed in right leg, and curved 
laterally outwards in left leg; 1 was nill-kneed; 1, the legs were 
curved anteriorly. There is 1 child deformed in every 7 J. 

Oatmeal is not so much used as it was a few years ago. 

18th August, 1883. 

Kilmarnock, High Street, 12 noon. Ages of children, from 3 
to 7 years. 

There were 45 children upon the street; 3 of these were 
deformed in the legs. 

1 of the children the legs were laterally curved outwards; 1 
was nill-kneed in left leg, and curved laterally outwards in right 
leg ; 1, the legs are curved anteriorly in the middle of the legs. 
There is 1 child in 1 5 deformed in the legs. 

Oatmeal is daily used, unless amongst the Irish portion of the 
population, and it is principally amongst these that the deformities 
are found. 

23rd August, 1883. 

Copeland Road, Govan, 6.30 p.m. Ages of children, from 7 to 
14 years. 

There wore 50 children upon the road, and there was 1 boy 
curved outwards in the middle of the legs ; his legs were altogether 
weakly. 



Mr. J. Thomson on Rickets in Relation to Food, dec, 249 

11th Septembery 1883. 

Bellshill, West-end, 2 p.m. Ages of children, from 3 to 7 years. 
There were 27 children upon the street There was 1 child 
slightly deformed. 

Oatmeal is largely used. 1 child deformed in 27. 

Bellshill, East-end, 3 p.m. Ages of children, from 3 to 7 years. 

There were 12 children upon the street ; 3 of the children were 
slightly deformed in the legs. 1 child deformed in 3. 

Oatmeal is little used. The population principally consists of 
English and Irish. 

27th September, 1883. 

Motherwell, Merry Street, 12 noon. Ages of children, from 3 
to 7 years. 

There were 22 children upon the street There were 5 children 
deformed in the legs. 

2 of the children the legs were curved anteriorly in the middle ; 
1 nill-kneed ; 2, the legs were laterally curved outwards. There 
is 1 child deformed in 5f . 

Motherwell, King Street, 12.30 p.m. Ages of children, from 3 
to 7 years. 

There were 14 children upon the street; 3 of these were 
deformed in the legs. 

1 of the children was nill-kneed; 1, the legs were curved 
laterally outwards ; 1, the legs were curved anteriorly. There is 
1 child deformed in 4|. 

There were 124 children upon the street. Age, 7 to 14 year& 

1 of these the right leg was curved inwards. 

Oatmeal is little used. 

29th October, 1883. 

Motherwell, 12.30 p.m. Ages of children, from 3 to 7 years. 

There were 9 children upon the street. There were 2 of these 
deformed in the legs. 

1 of the children the legs were much curved laterally outwards 
below the knee ; 1, the right leg is badly nill-kneed, and the left 
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leg is curved anteriorly. There is 1 child deformed in the legs 
in 4^. 

Ages of children, from 7 to 14 yeara. 

There are 4 tons of sugar sold for 1 ton of oatmeal 

Ist November^ 1883, 

Huntingdon Place, St. Rollox, Glasgow, 1 p.m. Ages of 
children, from 3 to 7 years. 

In this place every second child is deformed, representing every 
form of deformity. 

Ages from 7 to 14. 

There were 51 children upon the street, and 1 girl, about 10 
years of age, the legs were slightly curved anteriorly. 

Oatmeal is seldom sold in this locality. 

6th November, 1883, 

Strathaven, North side of Town, 3 p.m. Ages of children^ from 
3 to 7 yeaiTS. 

There were 6 children upon the street; 2 of these were de- 
formed in the legs. 

1 of the children the legs were badly curved laterally ; 1 was 
nill-kneed and weakly in spine. There is 1 child deformed in 3. 

There are 4 tons of sugar sold for 1 ton of oatmeal. 

29ih Novemb&i'y 1883. 

St. James' Street, Kingston, Glasgow, 11.30 a.m. Ages of 
children, from 3 to 7 years. 

There were 14 children upon the street ; 5 of these were 
deformed in the legs. 

3 of the children the legs were curved laterally outwards; 1, the 
right leg was curved posteriorly ; 1 slightly knock-kneed, legs 
weakly. There is 1 child deformed in 2f . 

Oatmeal is little used. 

Crossford, near Lanark. 

There has not been a native child deformed in this village for 
the last 40 years. There was 1 deformed child brought into the 
village about 4 years ago, whose parents were Irish. 

Oatmeal is used twice daily. 
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Stomoway, Outer Hebrides. I have been unable to learn of a 
single case of deformed legs in that town. 
Oatmeal is much used. 

Islay. Dr. M*Indebr informs me that there has not been a 
native child deformed in the legs for 30 years. About 28 years 
ago there was a delicate child, with deformed limbs, brought from 
Glasgow to Islay. The parents were poor and were obliged to 
use oatmeal, at least twice daily. Their child not only regained 
health, but the legs became normal, and he is now as well formed 
in the legs as any man in Islay. 

Oatmeal is used in Islay, at least twice daily. 

The author then gave an elaborate account of the structure and 
nutrition of bone, and of the pathology of rickets, quoting largely 
from Oamgee^a Physiological CJi^miatry, Vol. I., and Qiuiin'a Ana- 
tomy, ninth edition. He continued : — 

In addition to the influence of the kind of food and water used 
by the labouring classes, other influences have been supposed to 
operate in the production of rickets, such as the effects of habitually 
breathing a vitiated atmosphere, living in houses built on a damp 
soil, careless nursing, &c. The author proceeded to discuss several 
of these influences. 

Effects of hnpure Air. — Some have asserted that the great 
increase in the deformities of the limbs of the children is largely 
due to impure air. Such have some grounds for their opinion. 
During my investigations I have found that in those localities 
where the children are daily inhaling air vitiated with every 
impurity these deformities are of a very aggravated nature. In 
addition, the skin of these children indicates an unhealthy condition, 
and impresses upon the observer the conviction that there is an 
intense struggle for life, and that it is only the strongest of them 
that we can reasonably hope will surviva Even amongst these, in 
after life, the impress of their early surroimding is ever apparent. 
We must, however, seek some other cause or causes to account for 
this abnormal condition, as in several of the localities enumerated 
there is no want of pure air. In Caledonia Koad and in some of 
the country villages the houses they inhabit are only built on the 
one side of the road or street. Under such conditions there is 
nothing to interfere with a constant supply of pure air. 

Effects of Damp SiUhSoil* — Some have suggested that the damp 
sub-soil may have much to do in inducing such deformities. 
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I believe that the sub-soil has a great influence on the 
healthy upbringing of children, more especially in many of these 
speculative-built properties, where the sub-soil is cold boulder clay. 
The foundations of many of these houses are often not more than 
from 12 to 15 inches below the surface; necessarily, the ground 
flats are always damp, and the exhalations of the damp ground 
flat penetrate and permeate the whole property. The atmosphere 
is thus vitiated, and the children are exposed to and inhale the 
sour, damp air, impregnated with the concomitant impurities of 
such untenantable dwellings. 

Effects of Bad Ntf^rsiiig, — Some have suggested careless mothers 
and bad nursing as the cause. This may be, and I believe is, the 
cause of not only many of these deformities, but is also the root 
and source of hundreds of shattered and ruined constitutions that 
are from year to year thrust as burdens upon society. It is, how- 
ever, only in a limited number of cases that we can trace these 
abnormal conditions to the mother's neglect. Improper nursing 
by no means accounts for all ; the cause is deeper rooted, because 
there are hundreds of children deformed whose mothers are attentive 
and well disposed, to whom their deformed offspring is a great 
source of grief. If anyone wishes assurance on this ])oint let them 
attend the Royal Infirmary on any of Dr. MacEwen's receiving 
days, and there they will find mothers whose external aspect indi- 
cates thrift and care in a marked degree, but in whose faces may 
be detected internal emotions of a pronounced character. Every 
word emanating from the doctor's lips is weighed, and every look 
watched with an anxiety that tells plainly that if she could miti- 
gate or arrest this sad condition no eflbrt would be spared to attain 
such a wished-for result. 

Personal inquiry as to food u^ed in a working ynan^s family, — In 
order that we may more fully realise the importance of the home 
influence upon this sad disease, let us go to their homes and see 
their surroundings, and learn how these children are being cared 
for, and what kind of food they are in the habit of using. As a 
fair representation, I have selected three localities — two in Glas- 
gow and one in a country village. The first is in Claythom 
Street, Calton, where I entered the home of one of these deformed 
children. The mother was actively engaged with her household 
duties. I introduced myself, apologising for thus obtruding, and 
assuring her that my visit was for the purpose of collecting facts 
regarding these deformities that are becoming so common in the 
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limbs of children, and which I was sorry to see in one of her 
little ones ; and I politely requested her to aid me by giving any 
information she could, and to answer a few questions regarding 
the food in daily use. I was fortunate in my selection, and I was 
met with a willing and ready response from a mother whose 
children were clean, and whose house indicated thrift and 
carefulness. 

Q. What age is your husband? — A. He is 26 years past. 

Q. How long have you been married? — A. Seven years. 

Q. How many children have you ? — ^A. Three. 

Q. Is your husband about the same sige as yourself? — A. He is about a 
year older. 

Q. What does he work at? — A. He is working in a ship-yard in the west 
end; he was working in a mill before, but the mill was burnt and he then 
went to the ship-yard. 

Q. Were you employed in any pubUc work before you were married? — 
A. Yes, I wrought in the same mill. 

Q. When did you begin work in the morning? — A. Six o'clock. 

« 

Q. How long did you get for your meals? — A. An hour. 

Q. How far had you to go for your food?— A. About a mile. 

Q. With only an hour, and having nearly a mile to walk, you could not 
have much time to cook food? — A. No; we had only as much time as to 
boil a little water to mask a cup of tea. 

Q. What kind of bread did you use chiefly? — A. Loaf -bread. 

Q. Was your husband's food similar to your own? — A. He had a much 
longer road to go, and he brought some loaf -bread and butter with him, and 
took his breakfast inside the gate. 

Q. What did he get for dinner? — A. He sometimes went up to the cook- 
shop and got a penny bowl of broth, with potatoes and potted-head, and 
sometimes he brought as much loaf-bread and tea as did for his dinner too. 

Q. What did you take for dinner? — A. Sometimes we got potatoes and 
ham, and at other times we got tea. 

Q. What did you get for supper?— A. We had tea, with loaf -bread and 
ham, or sometimes fish. 

Q. Since you were married, how does your husband do for his food, seeing 
the distance is so great he will not get home for any of his meals till 
evening? — A. He gets a cup of coffee before he leaves in the morning about 
a quarter- past five, and takes a piece and cold tea with him for his breakfast ; 
for dinner he goes to the Cooking Depot and gets a bowl of broth, with 
potatoes and meat, and when he comes home I always plan to have some- 
thing as nice as I can give him to his tea. 
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Q. Afi for yourself and children, what do you prepare for breakfast? — 
A. I usually give them a cup of tea and a piece of loaf, spread whiles with 
butter and sometimes with jelly. 

Q. And for dinner what do you usually give them? — A. I often give 
them potatoes and meat (butcher meat), but on washing-days, or when I am 
cleaning, I give them a jelly -piece for a *' pit-ower." 

Q. Do you ever make porridge for them? — A. Well, I have sometimes 
tried them with porridge, but none of them will take them, their hearts 
turn at them, and I just give them a jelly -piece to coax them to eat. 

Q. Do you never use Oatmeal Cakes? — A. Sometimes I buy a penny 
farle, but they are so hard that none of us can eat them. 

Q. When did the oldest child's legs become deformed? — A. Her legs 
were quite straight and a nice bairn till she had the measles and whooping- 
cough, after that she took a dwining and was dowsie for a long time, then 
her legs got weakly and grew bent as you see them. 

Q. Are the other two children healthy and strong ? — A. The youngest is 
a nice, healthy bairn ; but the wee laddie — the second — has been dwining 
since he had the measles, and I often give him a jelly-piece to coax him to eat. 

Such is a brief outline of answers given to a few of the questions 
put to a highly-respectable mother, who seemed to have for a 
husband a well-doing working man — indeed, their home had all 
the indications of thrift, and that their earnings were spent to the 
best advantage as far as their knowledge went. 

Regardijig the other two cases referred to, I need not go over a 
similar series of questions and answers. In general, the answers 
were much alike. 

The other City case referred to is in Oatlands, South Side. This 
family live in one of the speculative-built properties; the houses are 
far from being what they ought to be ; the tenants are no better — 
indeed, squalor and misery reign supreme. In this home oatmeal 
is never used; wheaten bread, if it can be called bread, and 
potatoes are the principal articles of diet. The children are not 
only deformed in the limbs, but the general appearance is 
unhealthy — their skins are diy and have a yellowish-grey 
colour. 

The other case referred to in the country is at Carfin, where 
there is no want of fresh air. The houses are built on the side of 
the public highway, and surrounded by green fields. The men 
are employed in the coal mines, and are usually absent from their 
homes from early morning till the afternoon. The house entered 
was simply a den of squalor and misery; there was scarcely an 
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article of fiimitare in it. The mother was untidy, and the children 
were unwashed, and all indicated that every feeling of thrift and 
well-being had been crushed out of the inmatea Oatmeal is little 
used; tea and wheaten bread are the principal articles of diet, 
varied with potatoes. 

Such is a brief outline of the conditions of many of the homes 
out of which these poor, helpless, deformed, little feUow-creaturea 
come — ^they are simply nurseries of disease. 

Why do working people uee improper Food f — The question has 
been put to me— Do not many of t^ose people believe that as articles 
of diet, tea and wheaten bread are cheaper, and in consequence of 
their ignorance of the laws that r^ulate the healthy upbringing of 
children, do they not use these substitutes for the sake of economy 1 
My answer to such a question is — I do believe that some do use such 
as food on economic grounds; but with others, no such prudential 
thoughts pass through their minds. 

Well, but many say their children have a dislike to porridge, 
and will not take it. Whether they dislike it or not very 
much depends upon the care the mother has bestowed upon the 
teaching her children what and how to take. There is a natural 
inclination in aU children to grasp all kinds of food that is con- 
veyed to the mouth. Indeed, in infancy, children attempt to 
grasp the mamma of the mother; and if a child is allowed, before 
a taste for porridge is acquired, to sup by itself, it is quite a 
common occurrence to see the child attempting to grasp the porridge 
to convey it to the mouth. Failing to satisfy its own desires, 
it is no uncommon occurrence to see the little one thrust all fh>m 
it in disgust. 

Let the mother, however, cook the porridge properly, and teach 
the child to sup it before it becomes cold, and there is no fear 
of the child not relishing it. But, in order to acquire a knowledge 
of cooking simple, plain food properly, she must be taught in her 
early days. I venture to think that if there were more attention 
paid to the nutrient properties of diet, and greater care exercised 
in the cooking of simple, plain food, there would be fewer deformed 
children than are now seen in our midst. And I conceive that if 
the results of the lately-formed cooking schools were at all com- 
mensurate with the intention of the generous founders, instead of 
teaching the pupils to cook pastries and such like indigestible dishes, 
if greater attention were paid to the proper method of cooking the 
simple and more nutritious diet, that is not only more wholesome, 
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but is also cheaper, and more compatible with the wants of the 
body, such institutions would become a boon both to present and 
future generations More I do not wish to say on that point, 
but rather leave that department in charge of our School Board 
authorities and cooking schools. 

Cost of food of working people: a comparison, — In order, how- 
ever, that this may be put on as clear a basis as our knowledge 
will admit of, let me compare the relative cost of each. 

Take, for example, a family of three children. Let us cut a 
quartern, or two-pound loaf into seven parts, the cost of which is 
3Jd., which is Jd. per part ; add to each Jd. worth of butter or 
jelly; give to each of the three children one of these parts, costing 
Id. each, or 3d. in all; allow ^d. for tea and id. for sugar, Id., or 
4d. for the meal for the three children, or l^d. for each« 

Now, instead of tea and bread, let us try what will be the cost 
of a basin of good porridge and milk. 

Take one pound of oatmeal, which costs 2d. ; boil it well in water, 
with a little salt added; when sufficiently boiled it will fill eight 
small basins, costing ^d. each. Give to each of the children a |d. 
worth of milk ; costing in all Jd. for each child's meal. We have 
thus a much more nutritious meal at an average cost of |d. than 
we have in the former at an average cost of 1 Jd., so that the more 
nutritious and more easily digested of the two diets is the cheapest 

Such is but a brief out}ine of what takes place from day to day 
and year to year. If time permitted, I might have adduced 
hundreds of cases bearing testimony to similar conditions. 

During my investigations as to the extent of these deformities 
I have, as far as possible, sought to know what kind of food is 
used in the different localities, and I have arrived at the following 
conclusions : — 

(1) In proportion to the use or disuse of plain wholesome food 
there is a proportionate increase or decrease of rickets. 

(2) In those localities where white wheaten bread, sugar, and 
tea have taken the place of the old nutritious porridge and milk 
for children's food rickets is prevalent. Indeed, in some of these 
localities every second child between the ages of 3 and 7 is 
deformed. 

(3) Where oatmeal is largely used the disease is seldom 
heard of. In Crossford, Lanarkshire, that article of diet is used 
both morning and evening, and there has not been a single native 
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case for fully forty years. We have found similar testimony in 
the West Highlands — in Lewis, Skye, Mull, Islay, &c. Where 
oatmeal forms the staple article of diet, I am informed that 
the biggest boned and broadest chested men are found. (This, I 
understand, refers more particularly to Aberdeenshire and Moi-ay- 
shire, where the agricultural classes use oatmeal as their chief, 
almost their only diet.) 

(4) Where oatmeal is seldom or never used we have found 
that the children are deformed, and in many cases they are helpless 
objects, unfit to follow any of the ordinary avocations of life. 

With such startling conclusions before us, I venture to say 
that it behoves every well-wisher of hiunanity to lend his aid, 
and, if possible, suggest remedial measures. 

All thorns Theory as toj^robahle Pathological Cause. — The question 
may now be asked — Is it an excess of acid that destroys in the 
blood the constituent elements of which the bones are composed ? 
Gamgee {Loc. Cit., p. 283) regards such an opinion as crude. 

In the rough experiments formerly referred to, we found that 
the bones of the sheep, ox, pig, and human being, after immersion 
for a given time, were more or less affected, and that in the vessels 
in which the larger proportion of sugar was used the degrading 
action was more active, and lime salts of the bones were dissolved, 
and held in chemical suspension. Now, in all the farinaceous 
foods there are certain constituents of these foods that are converted 
into sugar in the alimentary canaL If, in addition to these normal 
and properly-adjusted constituents, we introduce daily an additional 
quantity of sugar or any other substance, is it unreasonable to 
suppose that such will more or less influence the blood 1 If there 
is an excess of lime salts, these are secreted in some part of 
the body ; and if there is an excess of acidulous matter we would 
naturally expect such to act as an irritant, which would 
tend to prevent the deposition in the bones of the molecules 
of calcareous matter ; fui*ther, we would expect the dissolution of 
the already deposited calcareous ingredients from the same 
cause; and, if we could only realise how delicate are the 
chemical combinations of the matter of which food is. composed, 
and what are the properly-adjusted equivalent parts in solution 
in the blood, then would we more accurately realise the minute 
chemical changes that are produced by the daily introduction into 
the body of an undue proportion of either tannic or acetic acids 

Vol. XV. r 
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from the excessive use of wheaten bread, sugar, and tea. In this, 
as in other results of natural law, all changes are brought 
about by infinitesimal and inappi*eciable degrees. It is not the 
torrent of rushing waters that melts the mountain track; the 
infinitesimal, soft, pellucid rain-drop contains all the elements of 
dissolution ; yea, even the most refractory minerals and metals yield 
to this invisible, yet majestic, power. If it were jiossible that man, 
aided by the latest discovery of Science, could discover the 
chemical combinations of the matters which form blood, or could 
he follow that silent, living stream nishing through the arterial 
passages ; could he note their differentiation, to be again 
difierentiated, and i*e-difierentiated again and again; could he 
follow the flow of blood through that labjrrinth of intricate ramifi- 
cations of the body, with all the constituent elements that are 
required for the building of the frame, silently freeing itself of 
the atoms of matter, returning to be recuperated, to again emerge 
on its vital mission ; and could he realise that in each half-minute 
of time the whole volume of blood may be said to emerge from, 
and to return and pa^s through the heart; could he realize how 
delicate these molecules of matter must be, how minute the 
proportion, and how exquisite the adaptation ; then he would 
see how infinitesimal changes in the composition of the blood, 
may produce very great changes in the nutrition of tissue. 
Could man's intellect be thus aided, and thus brought into the 
presence of the immeasurable — such I venture to think would pro- 
voke reflection. He would realize that, let him but alter any 
one of these equivalents, an eff*ect would be produced so minute 
that even aid with all appliances of modern invention would fail 
to detect the change, and yet the ceaseless stream of blood would 
carry the eflect through all the ramifications of the bones. Alter 
any of Nature's adjusted proportions, and all require to be i-e- 
adjusted. If the blood has but added to it even an infinitesimal 
amount of acidulous matter more than is required to meet the 
demand, is it not possible such may seriously afiect nutrition) 
May not the acid incoi*porate itself with other constituents of the 
blood, and alter this fiuid, which will then be carried by its cir- 
culatiou throughout the countless canals of the bones — canals so 
minute that it requires the high magnifying powers of the micro- 
scope to define their existence, yet each of these canals are 
surrounded by laminae, and the constituents of the laminte are 
formed by the blood. It needs no language of mine to convey 
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the simple truth that any kind of acid must have a more or 
less dissolving action upon the calcareous ingredients of the blood, 
and thus not only prevent their deposition, but also have an 
absorbing influence upon previously secreted earthy matters; and 
in proportion to its irritant and dissolving action is this meta- 
morphism of the constituents brought about. We see the results, 
yet we cannot trace the transmutation of the elements of food ; 
we know such goes on with mathematically-adjusted precision 
of detail, and that any interference with the quality of the blood 
must interfere with the nutrition not merely of the bones, but 
of all the tissues of the bod v. 
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XXIV,— The Life and Works of TIwdvos Graham, D.CM, F.R.S., 
Illustraied by 64 unpvhlUhed Letters. Prepared for the 
Graham Lecture Committee of the Glasgow Philosophical 
Society by Robert Angus Smith, LL.D., F.R.S. Edited 
by J. J. Coleman, F.I.C, F.C.S. 

The Graham Medal and Lecture Fund was established in 1878 
by the leading manufacturing chemists of Glasgow subscribing a 
sufficient amount of money, the annual interest of which was to 
be employed by the Chemical Section of the Philosophical Society 
of Glasgow in the encouragement of research, the name of Graham 
being coupled with this fund on account of his being a Glasgow 
man and a great chemist, whose aims and methods are worthy of 
imitation. 

The first Graham Lecture was accordingly devoted to the life of 
Graham as an investigator, and was delivered in 1879 by Mr. 
Chandler Roberts, F.R.S. 

The Committee did not think it then necessary to devote further 
lectures exclusively to the life and work of Graham, but it was 
pointed out to them by the late Dr. James Young of Kelly that a 
full life of Thomas Graham had never been written, and that a 
large collection of his private letters were in the hands of Dr. 
Angus Smith, awaiting a convenient opportunity for publication.* 
Communication was then made with Dr. Angus Smith, who ex- 
pressed an opinion that extracts from these letters would be of suffi- 
cient interest to justify the Committee in adopting them as the 
basis of the second Graham Lecture, and that he would be pleased 
to deliver this lecture for the Committee. 

A letter was received by us on the 2nd February, 1884, in which 
Dr. Angus Smith says: — "As to the Graham Lecture, I shall 
endeavour to describe it. It will consist of — First, Preface about 
Glasgow — fragmentary, very fragmentary. Secoiid, An introduc- 
tion, trying to describe Graham's sun-oundings in Glasgow, also 
very fragmentary. Third, A long series of extracts from letters 
by Graham, from his earliest college days to his later years. This 
will constitute the pith and novelty of the paper, and it is this 
which I desire to have publislicd in connection with his writings 
as abridged by me. Fourth, The abridgment of Graham's writings. 
It will not be in the artistic form of a lecture, but it will contain 
matter to be preserved, and it will be as it stands a life of Graham, 
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fragmentary, it is true, but capable of being added to, and the 
additions I may be able to make as it is [mssing through the press." 

The lecture was fixed for the 20th February, 1884, but the hand 
of death was already upon Dr. Angus Smith,* and, amid much 
feebleness and effort, the MS. was transmitted to Glasgow a 
few days before, and read to the Society by Professor Ferguson. 
Dr. Angus Smith was bom only twelve years after Graham, and 
some of the last moments of the busy life of Dr. Angus Smith 
were employed in putting together these memorials of his early 
friend, who was one of the most distinguished workei*s in chemical 
science of the first half of the nineteenth century, and amongst 
whom Dr. Angus Smith himself was not the least notable. 

The fi'agmentary notes which Dr. Smith prepared for the 
introduction to his lecture contain references to the origin of 
Glasgow as a community 1200 yeare ago; the five hundred years 
of darkness between St. Kentigera's death and the establishment 
of the University by the then Pope in 1450-1 ; and the string of 
eminent men who from the University disseminated their influence 
upon surrounding society in succeeding centuries, culminating at 
the commencement of the present century in the advent of Thomas 
Thomson, the great expounder of Dal ton and teacher of Graham. 

Thomas Graham was bom in Glasgow, 21st December, 1805 — 
Faraday, whom he is worthy to be compared with, being then fourteen 
years old — and went first to a preparatory school in 1811, thence to 
the Glasgow High School in 1814, where he studied classics \mder 
Dr. Dymock and Dr. Chrystal. He subsequently studied at the 
University from 1819 to 1826, taking his degree as M.A. in 1826. 

His taste for chemistry was very early developed, even before 
he left the nursery ; his amusements when 6 or 7 years old were 
making gas in tobacco pipes, making eggs move with quicksilver, 
and other little tricks of the kind. 

Graham's father was a merchant of good position in Glasgow, 
and the boy was originally intended for the church. His strong 
predilections for a scientific career, however, caused him to shape 
out a path for himself, much to the grief of his father, who, 
probably not understanding the aims and scope of science, was 
prejudiced in his judgment. That such was the case was proved 
by the sequel. But although Graham eventually became possessor " 
of his father's property and a comparatively rich man, in these 

* Dr. Angus Smith died llth April, 1884. 
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early dajs he was poor ; but his lettei*s at this time to his mother 
and sister Margeret show a gentle and courageous spirit, sustained 
by lofty ambition, which make them as literary productions 
peculiarly interesting. 

Immediately after obtaining his degi*ee at Glasgow in 1826 he 
went to Edinburgh, whei*e he pursued liis scientific studies under 
Dr. Hope, and enjoyed the friendship of Professor Leslie. 

One of his earliest letters from Edinburgh, dated June 10, 1826, 
contains the following curious sentences : — 

"To Mrs. Graham. 

'' From Edinburgh, 10th June, 1826. 

** The Professoi's here are all at logger-heads with each 

other. Leslie calls Hope in his class-room Hhe showman in the 
other comer,* while Dr. Hamilton has just received £500 from 
Hope for defamation.'' 

Gi*aham's lettera dated from Edinburgh are here printed in the 
order arranged by Dr. Angus Smith, with a few connecting 
remarks by the Editor. 

Edinburgh, 22nd June, 1826. 

My Dear Mother, — I must request Henry to deliver the 
enclosed letters. The only one which he is not acquainted with is 
Muir's. Let it be handed in to Muir's warehouse, which is I believe 
under Ronnie's school. It is requesting Muir to send down to Henry 
the Chemical Society Minute Book, as I have at last succeeded in 
establishing a similar institution in Edinburgh. If Henry gets 
the Minute Book sent down to him, which I am rather afraid he 
will not, as Steel has it probably away with him, he will be so 
good as to send it to me by coach before the end of next week. 
It will be too bulky to go into the ofiice parcel. I hope you will 
be merciful to me in not answering your lcttei*s quickly, as I singly 
have such a number of correspondents, and have before me a vast 
deal of wilting work. I opened the new Chemical Society last 
Saturday with an essay, and am appointed to deliver soon in the 
Hunterian. I am quite well-known here now. My best respect** 
to Grandmother and Aunt, Will you make my correspondents In* 
more particular in telling how grandmother is getting on. 

1 remain, 

Dear Mother, 

Youi's sincere!}', 

FHO. (iKAHAM. 
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Ediubiugh, 7th July, 182(5. 

My Dear Margaret, — 1 am much obliged to you for your 
long and elaborate epistle. Till this moment T have not had the 
smallest leisure to answer it. My first and introductory essay 
in the Hunt«rian went off with great ecUU, On the motion of 
Dr. Brown (the poet of Stirling), a vote of thanks was given for 
it. Tliis must be a very good thing, if wc are to judge of it 
from its rarity, as it is the first time which it lias occurred in the 

Huntenan. The best part of the vote was " and that Mr. G 

be solicited to make his essay public " I However, I have no 
intention of publishing till I accumulate matter, not for an article, 
not for a pamphlet, but for a book — God knows when that will be. 

As for Edinburgh news, I can send you very little. Hamilton, 
the bookseller, says that Constable's affairs ai'e very bad— that he 
has really been in an insolvent state for the last six or seven 
years. For several yeara he has been paying at the rate of 
£5,000 a year for mere discounts — a circumstance which of itself 
was enough soon to have ruined him. The editors of the Edin- 
burgh Medical Journal and Jameson's Scientific Journal have 
deserted him, and taken to other publishers. His Edinburgh 
Monthly Magazine has been given up. A composition of 3s. 6(1. 
in the £ is talked of. Sir Walter Scott will get on ; he has been 
made King's piinter — a situation worth £3,000 a year, chiefly in 
salary. Sir Walter must have been mther a calculating genius. 
It tunis out that he was almost sole proprietor in the printing 
establishment of James Ballantyne & Co., who have failed; so 
that he intended not only to profit by writing the novels, but also 
to have a good share in the profits of printing them. Ballantyne 
was little more than his servant. I have not had time to read 
*' Woodstock " yet. Sir Walter has in some measure satisfied the 
cravings of his creditors by binding over to them " Napoleon," 
and several forthcoming novels. The estate of Abbotsfoixl is 
really not Sir Walter's, it is his son's ; it was bought with Lady 
Scott's money, who had .£70,000, and settled upon her heirs, so 
that it is in no danger. Lady Scott was a Frenchwoman. 

Bentress is going to Paiis in April next ; he confesses that his 
estate is worth £1,500 a year. He and I were down at the glass- 
house getting instruments constructed. He lias been so often 
there about his Gravimeter that he is as well known (he says) as a 
pickpocket. We had glorious fun the night he brought out his 
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instrument in the Hunterian — he was so afi-aid of a public 

appearance. I followed, and eulogised his instrument. In 

return, when he heard that I was to read on " Liquidity," he got 

out all books possible on the subject, and was telling MacDowaJ 

that he wished to God that he wxuld bo able to make a speech for 

Gra-ham (two syllables). . . . You may assure Bell that the 

washerwomen are such blockheads here that they did not i)ut an 

atom of starch into my shirts — horrible ! horrible I . . . We 

have had several showers here, and even a wet day or two, but the 

rain has scarcely made a sensible impression. 

How are the Miss Campbells ] How are all the Glasgow young 

ladies 7 Alas, the want of them is felt most sensibly here ; as Miss 

Brown (Mitchell's landlady) says, the gentlemen turn savages when 

they go out to the West Indies for want of them. Alas, that I 

should become 

Your most loving Indian Savage, 

THO. GRAHAM. 



Edinburgh, Ut August, 1826. 

My Dear Mother, — I had not seen the Annals of Philosophy 
since I came to Edinburgh, so that I was not aware, till 
congratulated upon the circumstance by him (Johnston) that a 
certain paper of mine had been republished in the number of that 
work for July. I have sent a copy for you. The Annals of 
Philosophy is a London publication, and is the leading scientific 
journal of the country. It is published monthly, and is 2/6 a 
number. You will find in the number enclosed articles by Dr. 
Christison, a Professor in the College hero, by Mr. Christie, 
a Professor at Woolwich, by Dr. Hugh Colquhoun, Professor 
Thomson's nephew, an ingenious young chemist, by Sir H. Davy, 
page 62, etc; it ijj therefore a good introduction. 1 also trouble 
you with the inaugural discourse of a young M.D., a friend of 
mine. You need not care although his lairdship [Graham's father] 
see the foregoing. 



KiUnburgh, •21at yeptcmbcr, 1826. 

My Dear Marcjaret, — I have been writing a good deal of late 
and experimenting too — although from Laugstaff's absence and 
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other circumstances, not in the laboratory. In the investigations, 
however, in which I have been been latterly engaged, a laboratory 
is by no means necessary. My essay in the Annals seems to have 
had some effect, as it will appear from a quotation which I am 
about to make from the No. of that Periodical for the present 
month, p. 100 — the author is a Mr. Bailey, and he is criticising Dr. 
Hugh Colquhoun's paper "The accurate reasoning of Mr. Graham, 
I may also remark, in his observations on the absorption of gases 
by liquids (quoted in the same number of the Annals in which Dr. 
Colquhoun's paper appears), as well, as the experimental evidence 
he cites, is entirely favourable to this view, etc." 

It may be proper to mention that that essay forms a part, and 
only a small part, of a much greater investigation in which I am 
engaged, \vhich 1 hope will all be equally successful. Perhaps in 
a month or two I will have something additional in the Annals, 
It is this circumstance which makes me less caring about being 
baulked at the Mechanics' Institution. Had I got that situation, 
the overwhelming labour which would have accompanied the proper 
and successful discharge of its duties, would have been amply 
sufficient of itself — a laboui*, too, which would be of very little use 
to myself — whereas the labour in which I am at present engaged 
in following out my theoretic speculations, may eventually be even 
more productive and profitable — certainly more honourable and 
productive of scientific distinction. Clark, my antagonist, has 
never got the length of the Annals, 



Edinburgh, 11th Oct., 1826. 

My Dear Mothek, — The basket has been delayed from day to 
day in the daily expectation of the journal which accompanies it, 
and which contains another article, as you will see by the contents. 
The journal was printed in London ten or eleven days ago, but 
owing to a passage, per smack, of nine days, did not arrive here 
till to-day. The next number will j^robably contain a notice of a 
curious discovery of Miss C. and me in Baking. The present 
ai-ticle, although short, is one of considerable importance. There 
is nothing that I wish more than that somebody should oppose 
the theory which it contains, as a discussion of that kind is the 
veiy thing to make one known. 
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Before the laird's burst of eloquence amved — conceiving that 1 
was faii'ly set upon my own pins —I had commenced a little chemical 
work, for which I think there is a call. I can give you here no 
more than its title page. 

THE LANGUAGE OF CHEMISTRY: 

OR A 

Definition op the Term of the Sciekck, 
Systematically Arranged, Developing its Principles 

AND Object. 

Edinburgh, Oct. 15, 1826. 

My Dear Mother, — My operations have been interrupted for 
two or three days. I find a room, which Miss Cameron occupies 
at night as a sleeping room, and which is otherwise unoccupied, 
forms a very good laboratory for the experiments in which I am 
engaged, and likely to be engaged for a considerable time. They 
are doing very well. 

Edinburgh, Nov. 7, 1826. 

My Dear Mother, — 1 send you, by Mr. Stirling, another 
number of the A nnals having a short notice of mine in it. I am 
glad to hear by him that you are all well. You could not be 
better than we are here. Did Mr. A. Mitchell call with my letter 
and Miss C.'s, which was worth half a dozen of mine ? 

The students are flocking in here in great numbers, but no classes 
have opened as yet, except the medical. My laboratory is getting 
on quite to my liking. 

"The Language of Chemistry'' has been laid on the shelf for 
some time. We arc tiling to death here for want of letters from 
Cloverbank. At the beginning of next week be so good as to send 
Bell down to Howie's, the carriers, for a tin box, carriage jMiid, 
which I hope will contain a more faithful and full representation 
of mattcra than this scrawl. — I am, with much respect, 

Vours attectionately, 

THO. GRAHAM 
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Edinburgh, 20th November, 1826. 

My Dear Mother, — Although I have not achieved a great- 
coat, yet I am i*ather comfortably accoutred in a pair of '^gentleman's 
lamb's- wool pantaloons,'' alias long-legged worsted drawera. My 
particular studies are going on very favourably, although I was 
obliged to lay out a little in furnishing my home laboratory, yet 
it will be easy to make it all up. 

The town is filling very quickly. All the classes, nearly, having 
opened, and the Courts having sat down for the winter. As for 
myself, I neither see much of the bustle nor care for it. The 
more secluded I keep myself from company till I have acquired 
some standing in science the better. The lassie here is very 
convenient for such interruptions, for whenever she knows that 1 
am engaged she takes it upon herself to say that 1 am fi*om home 
— very much to my satisfaction in general. 



E<linburgh, 20th November, 1826. 

My Dear Maru^vret, — Mr. Dunn, a philosophical instrument 
maker, cheated me of the opportunity of having an article in the 
next number of the Amials, by making me wait for ten days or a 
foi-tiiight for some very mijiuto weights which he was making for 
me and which were necessary. Professor Brande has done me the 
honour of giving a very favourable account of my first article in 
his Qxuirterly Journal of Science for October, but which I did not 
see till a few days ago accidentally upon the table of the Writers 
to the Signet Library. The Anmds were lying there too. J 
have seveml articles on the stocks — but moi*e of this anon. 

Dr. Hope intends to give another lady's class this winter. I 
Jiavc heard him lecture once or twice, and set him down for a 
complete puppy. 



J'Alinbur-h, Dec. 20, 1626. 

My Dear Mother, — Dr. Ritchie, the Professor of Divinity 
here, has been doing all he can to prevent Dr. Chalmers from suc- 
ceeding him. With this purpose he continued to lecture till a few 
days ago, although he was not heard in the first bench. One day 
a gentleman, who passes under the name of Dr. Syntax, and attends. 
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all the classes, came in. He was applauded upon his entrance, 
but considering this as meant to insult him, he made a long speech 
to the students during the lecture, which Dr. Ritchie is so deaf 
that he did not notice, so that the students were enlightened by 
two lectures at once. At the conclusion of the lecture Dr. Syntax 
stepped up to the professor and advised him in an audible voice 
to resign his situation, for no one heard a word that he said. 
Principal Baird has latterly been reading his lectures. 

The Hunterian Society had an anniversary dinner at which 
several of the professors were present. I had been pitched upon 
to toast Professor Leslie, who was to be there, but was awfully 
cheated of my speech. For just as I was about to rise and deliver 
my most eloquent speech, Professor Leslie was obliged to leave the 
room upon l)usincss. Mortifying, indeed ! 

[During this year he was occupied with three papers — (1) " On 
Absorption of Gases by Liquids ;" (2) "On the Heat of Friction;" 
(3) "Alcohol Derived from Fermentation of Bread."] 

Edmburgh, June 29th, 1827. 

My Dear Mother, — Johnston brought me a letter from Steel, 
and two letters of introduction from Dr. Thomson to Professor 
Leslie and to Dr. Tunier, Lecturer on Chemistry here. Both of 
them I have delivered, and been very kindly received indeed. 

I found Dr. Turner in his house, Pitt Street, New Town. He 
is a very gentlemanly young man, apparently not above thirty. 
He is chemical editor of Dr. Brewster's Scientific Journal^ and has 
written a good deal on chemistry. We were conversing together 
for more than an hour. He showed me a work which he has very 
nearly finished, and which will be published in a very short time 
— " Elements of Chemistry" — in one thick volume. He intends 
to have a ladies' class for chemistry this winter in the Assembly 
Rooms, instead of Dr. Hope. During my stay his sisters came 
in, and were jesting about the method in which they had been 
carrying round the hand-bills about these lectures in their mufl&, 
and leaving them at music shops, and wherever they called. Dr. 
Turner promised to return my call, and hoped that we would 
become well acquainted. 

Professor Leslie resides in Queen Street, and there 1 found liim 
sporting a dre&sing-gown. There wa« even a longer confab here 
than in the former case. He is a bachelor, and his drawing-room 
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has a good deal the appearance of a lal)Oi'atory, so that there were 
plenty of instruments to show and discuss. As I suggested to 
him a variation and improvement in a favourite process of his, 
he WHS so good as to offer me the use of his instruments to perform 
it. He also requested mo to prepare some chemical things for 
him, for I find that although an excellent mathematician and 
natural philosopher, he is no great chemist. He also invited me 
to step into his class and his laboratory whenever I chose, and to 
call at his house. He took my address. As Dr. Thomson's 
letters were sealed, I did not see what they contained, but I should 
think that they were very favourable, as the first question that 
both Professor Leslie and Dr. Turner asked was, if I was intending 
to give a course of lectures. I am much obliged to Dr. Thomson 
for these letters, as they give one an excellent introduction to the 
scientific society of Edinburgh. 

Steel, in his letter, without any commands from me, had 
enclosed 15s. 6d., my share of the Chemical Society's funds. It 
came very opportunely, although I would rather that it had never 
come out of Glasgow. 



Edinburgh, January 29, 1827. 

My Dear Margaret, — The ginger-bread was excellent. Mr. 
Johnston got away the last of it as a supply for his Durham 
journey, thinking greatly of it from the scientific principles upon 
which it had been baked. 

I was surprised the other day by the receipt of the card which 
I have enclosed for your profitable edification^— from Chalmers the 
bookseller, the Doctor's brother. I have been led to understand 
that it arose from something which Mr. Dunn, the optician, had 
said to Mr. C, of and concerning your humble serv^ant. Upon 
calling upon Mr. C. as requested, I found that he was in a great 
dilemma for material for the new popular journal of science which 
he is setting about, and the plan of which he borrowed from our 
Chem. Society, and that he wished me to give him some papers — 
offering six guineas a sheet of 24 pages, 12mo; the intended 
magazine being of small size, containing 60 pages for one shilling, 
to be published monthly. As I might publish anonymously in it, 
I told him that I would think of it. 

By the Powers ! a very good method of adding two or three 
guineas a month to one's income. What he wants is quite 
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diiferent from wLat would go to the Annals, so that they do not 
interfere, and, as I wont pat mj name to them, the L can know 
nothing aboat it. Although I have been otherwise very throng 
I have sent him two or three short things, and will send him WMne 
more for the first No., which will not appear for near a month 
yet I suppose he [jays when the articles are printed. 

Another great advantage of it is that, for the purposes of tbe 
Magazine, Chalmers receives all the scientific journads, British 
and Foreign, and submits them to his contribator& The ob- 
taining a reading of them the moment they come out is what I 
would have given anything to compass. 

Notwithstanding my denial, some of my friends maintain here 
that I am the Editor of the ^lagazine. Where they got the 
information I know not, as I nover told them anything about it 

Hoping that you will Ijo satisfied for a season with the above 
news, allow me to subscribe myself on this side of the sheet. 

Your afTectionatP bi-other. 

THO. (tRAHAM. 



Kdinburgh. Feh. -Jard, 1827. 

My Dear Mother, — 1 was surprised yesterday by a visit from 
J. Ren wick, with parcel of provisions and packet of letters. He 
called when I was out looking after a situation for Mr. M. Miller. 
Mr. Miller is rather troublesome with his situations, and I am 
determined not to put myself to much trouble in regard to them ; 
for, after having, with a good deal of manceuvering, secured this 
situation for him, he declined it It was a private classical 
academy in Newcastle, like Johnston's, and which was either 
worth, or might easily be made worth £ 1 50, while he is canvasing 
away here for a Lancastrian school not worth £80, and not half 
so respectable. 

The publication of Chalmers^ Miscellany has been rather hindered 
for a few davs from his absence, occasioned bv the death of his 
mother, but it will be out by Ist March. During his absence 
Mrs. Chalmers had the charge of affairs, and I was prime minister. 
Mrs. C. very much regretted her mother-in-law. She was upwards 
of 90, and was perfectly sensible. Young Mrs. C. had a letter 
from hor within six weeks of her death, with a present of stockings 
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for the children, of her own knitting. The doctor was her foui-th 
child, and our Mr. Charles C. among the youngest. Her oldest 
son has been all along in London. The doctor left his class, and 
was with her at Anster, in Fifeshire, during her last illness, which 
was not severe, and only ten days. Mrs. C. said that she had a 
gi'eat cai*e for all her sons^ wives, and liked to bring them all 
together about her. 

Mr. Renwick stayed here last night. I find upon looking at 
the box of instruments that they are in a very bad state. I have 
never opened them since I came here. Perhaps some of the 
deficient instnmients may be lying about the house. 



Edinburgh, Feb. 27tb, 1827. 

My Dear Henry, — You will see that Chalmers' concern is 
printed. The woodcut on the title page was rather got up in a 
hurry, but it is meant for a head of Dr. Franklin, Some say that 
it is very like Chalmers himself, and that will probably be the 
prevalent theory among the knowing ones at Glasgow. It is 
i-ather thin, but he intends after he has printed a volume to add 
a sheet and half more to it, and charge Is. 6d. My signature 
isG. 

There is one of my suggestions which you will find under the 
head of " A Valuable Appendage to Kitchen Fire-places," which 
has wondrously caught the fancy of our Ebony. He says that it is 
calculated to produce a complete revolution in the sublime science 
of cookery — that all the blue-stocking ladies of Edinburgh to whom 
he has mentioned the improvement are captivated therewith, and 
that a thousand and one sand baths are forthwith to start into 
being. There must, he says, be another and a long article upon 
it in the next number, and Mrs. Chalmers has been so kind as to 
furnish me with Dr. Kitchener's " Cook's Oracle," in order that 
the article may be gamislied with apt quotations and '^modern 
instances." I sliall probably devote a couple of hours to it some 
time this week. 

These, however, are merely subordinate pursuits, and neither 
they nor their fruits arc what I aim at. Eminence purely scientific 
is more philosophical, more honourable, and more desirable in mj 
eyes. But leave it to time. 



272 Philosophical Society of Glasgow. 

Edinbnrgb, March 15th, 1827. 

My Dear Mother, — ^The other day I got £5 from Chalmers 
for contributions to his magazine. It was quite a Godsend. It 
certainly came very seasonably, as I do not expect a remittance 
from the L. for a fortnight, if at all. I have had no letter from 
him. I have great pleasure in sending the little presents which 
accompany this, as the first-fruits of Authorship. The expense of 
them, I can assure you, was a mere trifle. They would have been 
better, had it not been for the temptation of adding some con- 
veniences to my laboratory. The ring which I request you to 
accept of, you will perceive is for hair. Just start out the glass 
front, by putting the point of a penknife into one of the ends; 
and the hair is put where the silk is at present. It is quite easily 
done, and there is no danger. 

Do not make yourself uneasy about the L. sending money, 
for, if I was applying myself to it, Mr. Chalmers is quite willing 
to give me as much of the magazine to write, as would yield me 
five guineas a mouth, which is more than I got ivo\\\ the L. 



Edinburgh, March 15th, 1827. 

My Dear Margaret, — I saw Prof. Leslie yesterday, and he 
wiys that his ladies* class has succeeded beyond expectation, and 
keeps him tremendously busy, and he introduced a good deal of 
chemistry for their amusement, in which he is by no means an 
adept. 

I intend to have Dr. Turner at })reakfast some of these da3r8, 
and to introduce Bentress to him, as Dr. T. studied at Gottingen 
under the celebrated Stromeyer, and Mr. R. intends eventually to 
land there. 



Edinburgh, April 16th, 1827. 

My Dear Mother, -7I have had a good deal of intercourse with 
Dr. B. [Brewster], chiefly, if I recollect, since my hist letter to 
Henry by Mitchell's parcel; indeed, it was by a mere accident 
that Miss Cameron's lodgings escaped a visit from this doctor of 
encycloj)edic renown. Bentress and I were promenadin<» Princes 
Street upon some business or other, when wo met with, and were 
hailed by, Dr. B. Ro was on his way with the tickets of admission 
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to Sir W. Hamilton's phrenological lecture for us. We had then a 
walk, arm-in-arm, the whole length of Princes Street, the doctor in 
the centre. Bentress had nothing to say, so that I had the whole 
conversation to keep up with the doctor; but he is a person with 
whom one feels perfectly at ease. He was anxious for a paper — 
proposing as an inducement fellowship admission to the Edinburgli 
Royal Society. 

Talking of Dr. Brewster, I do not recollect whether I mentioned 
that he had sent me a present of some specimens of carbon, similar 
to what Colquhoun describes, and which Margaret will recollect. 
He also sent me a liquid to examine, obtained from a portable 
oil gaswork in London, which is rather curious. He mentioned 
that upon being poured upon hot water it took fire. For, one 
night, when drinking toddy with some others in Sir Walter 
Scott's, having accidentally had it in his pocket when the servant 
came in with more hot water, he poured some of the liquid upon 
the hot water, and it took fire. I suppose that they had all been 
rather groggy, for when I told him that I thought it impossible 
that it could have taJcen fire of itself, he confessed that perhaps 
some of them had set fire to it. 

By the bye, the sand bath, although it cost me very little thought, 
is making some noise here. Mi*s. Chalmers, of St. Andrews, and 
many ladies here, are getting them erected. Do you think I write 
popularly? Mr. Chalmers thinks as much of my new article on 
** A Marine Amulet" as he did of the sand bath. 



Edinburgh, May 27th, 1827. 

My Dear Mother, — I think that I will be home for certam 
within a week. Indeed, I would have come off with Mr. Mitchell 
had it not been that the whole of my pecuniary interest in this 
sublunary world amounts to three sixpences, so that it is neces- 
sary for me to remain a few days and write to raise the wind. 



May 30th, 1827. 

I look forward with great pleasure to my visit to Glasgow, as 
notwithstanding that I have now been a whole year in Edinburgh, 
I feel as much as ever all the solitude and desolateness of being 
in a land of strangers, which, from my retiring habits, will be 
always the case wherever I go. 

Vol. XV. s 
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Edinburgh, July 20th, 1827. 

My Dear Mother, — I have seen Chalmers twice, although 
neither of the times did I enjoy a private tete-a-tete, as other 
people were present. He seemed, however, to say that the sale 
of his journal had latterly been considerably injured in England 
by the "Library of Useful Knowledge." It was detained last 
month in expectation of a plate from Dr. Fleming of Flisk, which, 
howevei', did not come forward. Wilson, the painter, and Browne, 
of the Hunterian, were up last night. 

I have not yet returned to my labours, but am drawing up a 
plan for them. Everything is sufficiently encouraging, although 
I shall never know rest and peace till I get them completed. But 
perseverance, I doubt not, will overcome every difficulty. 



Edinburgh, August 1, 1827. 

My Dear Mother, — I have not seen Chalmers for near a 
fortnight, so that I do not know what his present plans are. I 
am busy at present with writing a treatise of a chemical nature on 
** Steam as a Moving Power," and performing some experiments 
which the subject gives rise to. It may be profitable in two ways 
— first, as a book, for it would make a small one, and there is at 
present a great demand for such a book, for all the previous writers 
of such books were engineers, and confined themselves to the 
machinery of the steam engine, neglecting the chemical properties 
of steam, upon which everything depends, and of which they are 
in general wofully ignorant. Secondly, my investigations into this 
subject have led to a slight improvement, which may be applied 
with the greatest csise to such engines, and increase the power of 
the steam by one-fourth, or more — but of this anon. I may add 
that I had been applying myself to this subject a considerable 
time before I was West with you. 



K<linbnrgh, August 6th, 1827. 

My Dear Margaret. — I had occasion to see Blackwood the 
other day with the business of another Miss M., although a less 
attractive and less lovely object. It was towards the end of last 
week. Chalmers had seen him that forenoon, informed him of my 
errand, and prepared him for my reception. Upon entering the 
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shop, I requested one of the young men to inform Mr. Blackwood 
that Mr. Graham waits for him. Ebony immediately made his 
appearance — a business bustling like man ; said that Mr. C. had 
informed him of my business, and requested me to walk on with 
him. He led the way through a saloon, with a large circular table 
in the centre, piled with new works, magazines, newspapers, and 
other ambrosial sweets, around which there sat authors, blessed in 
tlieir labours, happy spirits ! Beyond, at the little door of a deep 
recess — a most holy sanctum — Ebony drew up in position second, 
and beckoned my entrance. It was a little cell, and the scanty light 
from above played upon the busts of Scott and Byron, supported 
on a marble table. These, with two chairs, constituted all the 
furniture of the den. It soon appeared in our conference that 
Ebony had determined to fight Shy. " So many excellent novels 
have now been published, that nothing except what is very superior 
would sell, &c." He enquired what was the nature of the story 
and if the authoress had ever published before, and he con- 
cluded by saying that if I sent it down, he would look over it, 
although he might not be able to say anything about it for a week 
or ten days. I sent him the manuscript that evening, so that 
it is now in the hands of the Philistines. I suspect much, from 
what little more I read of it }>efore sending it avay, that it will 
not suit Blackwood. The first volume is historical, well written, 
and interesting enough for a first volume. But in the second 
volume long conversations are given, which have certainly the 
merit of being true to life, but to me at least feel exceedingly dull 
and vapid. Instead of leaving the heroine Juliet's loveliness as 
much as possible to the conception of the reader, so that every 
one may mould her to their own standard of beauty, and none 
be shocked, she is described most needlessly at sixteen, as '* tall 
and overgrown." Certain young ladies are introduced in "yellow 
bonnets fitting the head." Now such might have been the fashion 
at the period referred too, but the reader of the present age cannot 
help associating something ridiculous with characters so described. 
A bad impression is produced which tells against such characters, 
till the reader has forgot the circumstance. It was quite un- 
necessary to mention it. 

I wish that I had seen the second volume before I left Glasgow, 
as it would have prevented me from being so sanguine of its 
success. I depended also upon Miss M., who told me that the 
latter volumes were much better than the first 
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Edinburgh, 16th September, 1827. 

My Dear Mother, — I was very anxious to hear from Clover- 
Bank till I received Margaret's letter yesterday morning. Yon 
see I send in another statement — as it is certainly the best policy 
to do so as often as possible — sufficiently imaginative like the 
rest. Wo are well here and exceedingly comfortable. The 
weather has been rather broken here for a week or two, so that 
the laboratory, with its little furnace, is the most comfoi'table 
room in the house. I have scanned off my allowance two very 
fine thermometers of great accuracy and beauty made by Dunn, 
and some other things, so that I now go on pretty smoothly. 

Robert Logan of Eastwood has been here for a few days, he 
promised to call up immediately and to convey this parcel, so that 
I am, as usual, pressed for time. By way of ballast I send you a 
couple of letters, and the scrawl of one of mine. Johnston had 
sent up a paper, that I should deliver for him to the R. Society, 
upon which he had been working away for two years, for he has 
never published anything. I at once detected a serious oversight 
which pervades the whole of it, and will expose him to a severe 
basting if he publish it. I accordingly wrote him as you have it 
in the scrawl. His letter is an answer to mine — a good deal 
nettled, you will see, and talking nothing to the purpose. I have 
also answered that, and shown him to be wrong by experiment. 
The other letter is a curiosity, in so far as it has been in the penny 
post, and trying all the Gi*ahams in Edinburgh since June. It is 
from Dr. Thomson's nephew. Steel. The whole address originally 
was " Mr. Thomas Graham," till at last it had fallen into the hands 
of some peraon who knew me and completed the address. The 
postman delivered it last night with that account. 



Edinburgh, 1 W. Richmond Street, 4th October, 1827. 

My Dear Johnston, — Your pai>er I received last night, after 
it had been opened by a person of the same name who resides at 
1 W. Nicholson Street. To-day (Thursday), with the intention 
of delivering it, I have called twice on Dr. Turner without finding 
him. Nevertheless, trusting to your friendly indulgence, I have 
at last concluded, after a severe struggle, to retain the paper and 
take no further step till I have communicated with you. I 
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employed the greater part of last night in perusmg the paper; the 
result was the discoveiy (which the clear manner in which your 
results are stated made the more easy) of a most impoi-tant over- 
sight — not, however, in what you candidly allow to be the 
de])ateable part of the essay. You make Gmelin's salt, or your 
chloro-ferro-cyanide of potassium, to consist of 

i atom chlorine. 
3 ,, cyanogen. 

1 „ iron. 

2 , , potassium. 

and of these elements (mark) alonCf no water, no hydrogen, or 
oxygen present. Now this constitution is totally subverted in a 
passage which occurs in page 21 of your paper, and is as follows: — 
" Heated in a tube they (crystals of chloro-ferro-cyanide of potas- 
sium) give off no water. As the heat approaches to redness it is 
decomposed, giving off hydrocyanic acid and ammonia. At a 
bright red heat it blackens and melts, and is at last totally 
decomposed, leaving joo^o^A and peroxide of iron." 

Here we have oxygen and hydrogen in abundance in a body 
which professedly contains not an atom of either. An analagous 
result of the igneous decomposition of the old ferro-cyanide of 
potassium did not disturb Porrett or Berzelius [and perhaps that 
misled you]; but why? Because they allowed 3 atoms water in 
their salt, the decomposition of which accounted for the disengaged 
oxygen and hydrogen which appeared. Now, unfortunately, your 
theory is expressly founded on the supposition that these 3 atoms 
of water are got rid of. The decomposition of your chloro-ferro- 
cyanide should have strongly resembled that of the cyanide of 
mercury; and a very important body it would have been, enabling 
us to procure potassium at once. I had been attempting in 
vain to form a true cyanide of potassium for that piirpose. 
You must therefore either sacrifice your experiments on the 
composition of Gmelin's salt or your theory. I mean not here by 
your " theory *' the particular theory of a chloro-ferro-cyanic acid, 
to which you give preference — but every theory according to 
which you can arrange the same elements, of which you give two 
if not three (pp. 12 and 13). To save your experiments you may 
deny the correctness of the common analysis of prussiate of potash 
thus yielding up your theory, as it is founded on that analysis. 
To save your theory on the other hand you must retract your 
experiment on the decomposition of the salt by heat. But the 
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fundamental synthesis of your salt given at the beginning of your 
paper applies strictly not to the ruby crystals obtained on solution, 
but to the ** yellow substance " formed although the ruby crystals 
are not a chloro-ferro-cyanide of potassium or compound of such 
elements, the yellow substance might be, although I do not believe 
it. Expose this latter substance properly dried to a red heat, and see. 

Repetition of your experiments would probably show that the 
whole three atoms water in the prussiate of potash are not displaced 
by the clilorine. It is there you should look for the error. At 
present your theory is contradictory. 

As your character as an accurate experimenter might be 
injured by the publication of your paper in its present shape, 
although perhaps in no department of chemistry are such mis- 
takes more allowable, I hope you will forgive the extraordinary 
procedure I have followed. I am afraid I have presumed too 
much. But still your paper is valuable — you have ascertained the 
existence of chlorine in Gmelin's salt, and from an individual salt 
you have raised the class. These residts might be published with- 
out the synthesis which alone are defective. I fear that from 
your extreme susceptibility you will feel this partial failure more 
keenly than you should. Your paper might be remodelled, so as 
to be unexceptionable, although with diminished pretensions. 
Anxiously awaiting your commands. 

I remain, 

My Dear Johnston, 

Your affectionate friend, 

THOS. GRAHAM. 

I strongly suspect (although at present I have not room for 
my reasons) that the common analysis of Prus. Pot. on which you 
found is inaccurate, and that it really contains more water and less 
cyanogen. Should tliis be the case, you may get out of the 
dilemma with your experiments safe — although not with your 
theory. I hope it may. T.G. 



Durham, 7th Oct, 1827. 

My Dkab Graham, — I have this morning received yours dated 
the 4tl). I don't know how it has been so long on the way. The 
fellow that got the packet must have kept it a long time. How- 
ever, &c. 
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What a despei^tely acute fellow you are, and with what a 
vengeance you write. Your objection is certainly valid, but even 
were it sustained it would have no such overturning effect as you 
suppose. You will observe that I allow 3 atoms water to the 
salt of soda, and yet it contains the same acid and is a cyanide (if 
you like) — the water being that of crystallization. It is in this 
light that Berzelius views the ferro-cyanide. Nor does hyd, 
enter into the composition of the ferro-cyanide of Porretti — 
neither, therefore, need it enter into that of the chloro-ferro- 
cyanide — so that the whole question consists in whether the salt 
of potash contains waier or not. It is true that I have founded 
my reasoning u\K>n the constitution of that salt, but this was 
merely because it was the first formed — the most easily formed — 
and that to which my attention had been chiefly dii-ected. Any 
other salt would have done as well, only if it contained water it 
might have been said that the hyd, of it formed a part of the 
acid. But that the chlorine at least of none of the salts, even of 
those containing water — that of Barytes, for instance — is not 
combined with hyd, is manifest by their giving off uncombined 
chlorine when treated with concentrated sulph. acid. When you 
mention the yellow powder as probably anhydrous, and as the 
only thing to which my remarks apply, you forget the experiment 
stated in which the salt dissolved and carefully crystallized gave 
exactly an equal weight of anhydrous crystals, t hope you see, 
then, that, allowing your objection, your conclusions are unsup- 
ported, for even if the salt of potash did contain water I had only 
to say with Berzelius — Yes, but it is water of crystallization. And 
then you will observe that I have stated the quantity of water in 
all the salts as very difficult to determine, and in no one case, so far 
as I can recollect, have I spoken upon it with absolute certainty. 

Thus far, for ai*gument's sake, have I discussed the theory of the 
matter with you. But still the salt of potash is anhydrous. The 
passage which has given rise to your speculations has apparently 
been carelessly written, whether or not I read it over again. I 
am not certain, but I am sorry that I have not a copy of it. I 
take it for granted, however, that the extract you have given me 
is a literal copy, and I have to beg of you to make one or two 
alterations to prevent any such mistakes in future. 1st. For 
peroxide of iron, read carburet of iroiL 2nd. The second clause 
refers to the application of heat in contact with, and correct the 
whole as follows (I copy from your letter, and make as few altera- 
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tions as possible to save blotting) : — Heated in a glass tube they 
give off no water. In a platinum crucible^ as the heat approaches 
to redness, the salt is partially decomposed, giving off hydrocyanic 
acid and ammonia. At a bright red heat it blackens and melts, 
and is at last totally decomposed, leaving Potash and carburet of 
iron. Here the underlined parts are the corrections. The 
substitution of peroxide for carburet has, I suppose, arisen 
from thinking at the moment of the green sediment, which, 
when heated in an open crucible, gives peroxide of iron. Now, 
you will see at once the source of the hyd. Potassium, when 
heated in contact with air, burns and becomes potash; hydrogen 
therefore will be evolved in proportion to the quantity of the 
oxygen it obtains which is due to the decomposition of moisture. 
You say its decomposition if anhydrous should be analogous to 
that of cyanide of mercury; and so it is — heat cyanide of mer- 
cury in the open air — it blackens, melts, and gives off white 
fumes of hydrocyanate of ammonia. Whence comes the hyd. — is 
it from water in the cyanide ? As to the absence of water in this 
salt, Gmelin and I agree ; it is not, however, beyond dispute, but 
the contrary is unsupported evidence. 

I copy the following experiment from my note-book. I wish it 
could be inserted in a note; it would show how difficult it is to 
decompose the salt entirely, and that the iron is in the metallic 
state : — "5 grns. heated to redness in a platinum crucible over a 
spirit lamp first decrepitated, giving off hydrocyanic acid; ammonia 
was then evolved in considerable quantity, and this continuing, 
the crucible was covered and exposed to a strong rigd heat. Re- 
moved from the tire, a greyish black powder remains, which 
appeared to have been in fusion. With dilute muriatic acid it 
effervesces strongly, giving off the smell of hydrocyanic acid. The 
solution obtained gave a precipitate of iron with benzoate of 
ammonia, the previous filtration having left a slight blue sediment 
on the filter. There remained undissolved a shining black matter 
at the bottom of the crucible, which, by repeated digestion with 
nitric and muriatic acid, was partially decomposed, and in solution 
gave t)ie precipitate characteristic of iron. It was, therefore, car- 
buret of iron, and the metal taken up by the dilute muriatic acid 
was probably in the state of carbonAte. The blue sediment shows 
a portion to have been still undecomposed." 

This experiment is dated 18th December, 1826, and was made 
in Thomson's laboratory. If you think it is of any service, I will 
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be obliged by your writing it on a bit of paper and introducing it 
as a note to the word Carburet, 

If I have not succeeded in satisfying you, I have so in assuring 
myself that you have been hasty in supposing this lapsus to over- 
turn all my reasoning. As to repeating the experiments you 
mention, I am satisfied myself upon the point. I have made 
hoste of experimente-many of y^Hch are not stated in the paper. 
Any more made are from blunders of the kind now corrected. I 
have stated nothing which I have not verified or considered as 
already settled. I conceive that upon reconsideration you will 
find reason to be satisfied with the presently received composition 
of the prussiate of potash. It is very difficult to determine the 
water certainly, but I cannot see how you can increase it at the 
expense of the cyanogen without also altering the amount of bases. 
I have tned to estimate it, but certainly could not depend on my 
own results if different from those of Thomson, Berzelius, and 
Philips. I rely on Dr. Thomson the more as he has stated that 
he had been obliged to come to that conclusion though anxious to 
obtain a different result. 

In my last letter I did injustice to Mr. Faraday in relation to 
the disinfecting liquor. I have since hetd occasion to alter my 
opinion in regard to his correctness, and I^ therefore, hasten to 
make him amends by saying I believe him to be right. 

I had the pleasure of seeing a handsome notice of your paper on 
solution in the Quarterly Journal for this month. Unfortunately 
I have no opportunity of seeing the Annals, and, therefore, I got 
there the first notice of the publication of your paper. What is 
given in the Quarterly (Brande's) I agree with perfectly. There 
is only about a page : I should like to see the whole paper. 

I hope that after making the corrections stated you will give 
in the paper as early as possible. I fear it will now be too late to 
have any chance of insertion in the Transactions. 

Be kind enough to give me as early intelligence as possible, and 
believe me, my dear Graham, 

Yours very sincerely, 

(Signed) JAMES F. W. JOHNSTON. 



Edinburgh, 12th Nov., 1827. 

My Dear Mother, — I have been exceedingly negligent in my 
Cloverbank coiTespondence, notwithstanding the highly exemplary 
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conduct of my correspondents. 1 can scarcely hope to be excused, 
but the truth is that I was never so busily engaged as during the 
last five or six weeks (anxiously engaged, .too). Dr. Brewster, 
who manages the Hoyal Society here, is out of town, and intends 
to be so during the winter. In the course of a few weeks the 
Society intends to publish a volume of transactions in which I am 
very anxious to liave two papers. One of these papers is already 
in the hands of Dr. Turner, and is highly approved of by him and 
John Robinson, being, according to the doctor (modesty avauntl), 
" a beautiful and complete thing." The other paper is just finish- 
ing, and is a horribly long one, containing an account of 40 or 50 
new compounds, and such is the burdensome richness of the mine 
I have opened, that I could easily add as many more. Dr. Turner, 
whom I have told of the nature of the discoveries, says that it will 
form a capital paper also. There is, therefore, no difliculty what- 
ever in getting the papers read, and eventually printed by the 
Hoyal Society, but the point is to get them read at the very first 
meeting of the Society, otherwise they will be too late to appear 
in the forthcoming volimie of their transactions, and perhaps would 
not be printed for a year. Now, so little confidence have Turner 
and Robinson in themselves that, protesting they will do everything 
in their power to meet my wishes, they are not sure whether they 
will be able to have both the papers read the first night, in fact 
they are quite confused without Dr. Brewster to direct them, and 
there is really no difficulty in the case. If they do not pick up 
courage, I will write to Dr. Brewster, who will dissipate all their 
imaginary difiiculties in a moment. If they cannot be got read 
and printed inmiediately by the Society here, I will take the 
advice Leslie gave me the other day, and send them to the Royal 
Society of London. 

Notwithstanding my hurry, I can assure you I liave been in 
excellent spirits, and as for health, strong as a thousand elephants. 
Miss C. is also well, and ever}'thing comfortable. Never were 
things in a more favourable state should I choose to set up in a 
chemical line here, than they will be this winter or spring. Of 
the two lecturers, Dr. Fyfe is setting out to travel on the con- 
tinent for his health, and Dr. Turner expects every day to be 
appointed to the Chemical Chair in the University of London. 
Should he go, I can depend upon getting his fine new laboratory 
tuoderately, with his practical classes, without any competition, in 
the absence of Fyfe. Dr. Turner is exceedingly confident that he 
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will get the London chair. He told me that the candidates beside 
himself are Dr. Fyfe, Dr. Ure, of Glasgow, and Mr. Phillips, the 
editor of the Annals — none of them great hands, although Phillips 
is certainly the most deserving. Turner thinks, however, that 
Phillips will have no chance, because he has never lectured, as if 
there was any mystery in lecturing. I think, however, that Turner 
has a very fair chance, particularly from his acquaintance with 
Leonard Homer, now the Warden or Principal of the University, 
who is an Edinburgh man. It is curious how little distinguished 
any of the candidates are ; and, indeed, the circumstance that the 
election has been put off so long is not complimentary to them. 
Indeed, perhaps in no other department of literature or science is 
there so little competition in this country at the present day as in 
chemistry. The chief reason of this is that the most of chemists 
are medical men; their reputation soon procures them great 
practice, which is too tempting to bo rejected, and chemistry 
becomes neglected amidst their extensive and highly-profitable 
professional engagements. This has been the case vdth almost all 
the great London chemists who should have been competitors for 
the chair, such as Dr. Prout, Dr. Wollaston, Dr. Bostock, &c. In 
fact, they were no longer chemists. Turner expects to hear of the 
issue of the election every day, as it was to be decided in the 
beginning of November. I confess I would feel rather reluctant 
at setting up as chemist in Edinburgh, preferring London, but 
all will depend upon circumstances. Meanwhile everything is en- 
couraging. Should Dr. Turner succeed in getting to London, I will 
have a friend at court, and there is another chemical professorship — 
On the Application of Chemistry to the Arts " — which probably 
will not be filled up for a year or two. In all these competitions 
everything depends upon sheer impudence, of which I confess I 
have too little, confining it to my letters entirely. When Turner 
first told me of his being a candidate, and of his confident expecta- 
tion, it was only his presence that prevented me from laughing, 
for he i*ests his whole merit upon his having lectured for a few 
years, and having compiled ^' Elements of Chemistry,'' while his 
original discoveries amount to nothing, or are exceedingly trivial. 
Bentress would never give Turner any credit^ and even told Dr. 
Brewster that he thought he rated Turner too highly. But Dr. 
Turner is very courteous, and really an amiable character, so that 
people are charitable in their opinion of his talents ; and, for my 
part, I will be happy in his success. You recollect of Johnston's 
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faulty paper, as he insisted I was obliged to give it to Turner, but 
at the same time told him that I did not warrant its accuracy. I 
was somewhat amused at Turner and his paper afterwards. He 
had examined it, and saw there must be something wrong in it ; 
but being like Johnston, not overly clear-headed, he could not see 
precisely where the error lay. The next time I met him I soon 
found he was fishing me to find where I placed the error. Of 
course this must have been disagreeable to him, so I spontaneously 
explained the whole matter. It was then '^ as clear as day, an 
error that overturned the whole theory," <fec,, and I was requested 
to intimate to Johnston that, while his paper contained so 
palpable and manifest an inconsistency, it would not be recom- 
mended to the Society. This I did as mildly as possible, for I am 
really sorry for poor Johnston. Johnston, however, has given 
me provocation which, from any other person, would have been 
unpardonable — in a second letter some time ago — but he has now 
virtually surrendered, and must feel the excess of regret for his 
nonsense. I have scarcely room to subscribe myself 

Your affectionate Son, 

THOMAS GRAHAM. 



Edinburgh, 19th Nov., 1827. 

Mv Dear Mother, — Dr. Turner has been appointed to the 
London University, and 1 am to succeed him here, so fiar as 
succession is practicable. I am to take up his experimental or 
laboratory classes in three months hence, or in February, and to 
commence a summer course of lectures of three months in May. 
During that time I am to have the free use of his laboratory, 
apparatus, and everything, which is an unspeakable advantage. 
But next winter I shall be obliged to get a class-room, <fec., of my 
own, as Dr. T.'s devolves by an old compact on Dr. Cullen, the 
lecturer on the Practice of Physic. But other favourable circum- 
stances may arise before that time, and at any rate the present 
advantage is not to be rejected, while the accident of appearing as 
successor to the Professor of Chemistry in the University of 
London is itself of some value. 

These experimental classes to which I refer consist of half a 
dozen students and upwards who come to the laboratory for an 
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hour, and get half lecture, half experiment, assisting in performing 
the experiments. The fee is three guineas a quarter; and one 
may have more than a single class of this kind in a day. They 
are what you would call private classes. 

Dr. T. is going up to see how things are doing in London at 
Christmas, and it is probable if his stay is protracted that I may 
lecture for him at that time, for a few days, both in his own 
public lectures and in the School of Arts, where he is at present 
lecturing in the place of Dr. Fyfe. 

He has promised, while at London, to recommend me as a fit 
l>erson for writing certain Treatises on the Chemical Arts " in 
the Library of Useful Knowledge " to Leonai*d Homer and Mr. 
Brougham. 

He informs me that it is agreed that Dr. Hugh Colquhoun and 
I are to be proposed as members of the Royal Society at an early 
meeting. 

[During 1827 Graham was occupied with three papers — (1) " On 
the Finite Extent of the Atmosphere;" (2) " Longchamp's Theory 
of Nitrification ;" (3) " On Exceptions to the Law that Salts are 
more Soluble in Hot than in Cold Water."] 



Edinburgh, Hth JaxL, 1828. 

My Dear Mother, — Dr. Turner resumed the class yesterday. 
He was up here, but for so short a time that I got scarcely any 
news from him. Sir H. Davy had a paralytic stroke, but is 
getting better. Mr. Phillips, the editor of the Annals , has left 
London, having got the superintendence of some great work 
about Birmingham. Dr. T. was highly pleased with his reception 
among the dons. He breakfasted last Sunday with Mr. 
Brougham. The an*angements about the class and laboratory are 
quite agreeable to him. The class-room holds 500 seated. He 
must go up sooner than he expected — in July — and open his class 
in Oct. In the lecturing I was more at my ease this week. One 
night I was upon phosphorus, had the room darkened, and was 
exceedingly flashy. I was much amused by the fellows becoming 
rather uproarious in the dark, just as we used to be in the Pig's. 
James says that there was always a niunber of strangers present. 
I was slightly annoyed with two things — ^a touch of sore throat. 
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which I got from driuking a glass of water after finishing, and 
by inhaling a little of chlorine gas when making it, owing to 
James's fault in remaining away too long one day — I had per- 
mitted him to be operator to Mr. Ritchie, of Tain, who delivered 
a lecture on Oil and Coal-gas in the Assembly Rooms. 



Edinburgh, Feb. 21, 1828. 

My Dear Mother, — My silence has been so long as to be quite 
inexcusable, but I have been always deferring and deferring until 
I had something definite to tell you. Shortly after I wrote last I 
had two oflfers, both of which deserved attention. The first was 
through a Dr. Gartliner, from Constable Junior, to write a volume 
of his Miscellany (which you have perhaps seen) upon Heat and 
Electricity. This I was very much inclined to do, as I would be 
obliged to write lectures on the first of these subjects at anyrate. 
But I have long had it in view to ti'anslate and get published in a 
compressed form, like lire's Dictionary, Thcnard's French System 
of Chemistry, which in the original is in five volumes. I had 
employed Mr. Chalmers to sound some of the booksellers, and 
Oliver <k Boyd embraced the proposal at once, and, after I was 
introduced to them, and had several meetings, offered to give me 
half the profits of the publication, without any of the risk, if I 
would undertake it. This would be considered a good offer as 
such things go, but at the advice of both Turner and Chalmers, 
particularly of Turner, I preferred another plan, for by the former 
one is quite in the power of the booksellers, who can estimate the 
profits at what they choose. This is just to require a certain per- 
centage on the retail price of the book, say 10 or 12 per cent, upon 
the price of every copy printed, which would probably be sold 
about 25s. Oliver k Boyd have not expressed an opinion as yet 
upon this plan, and the whole arrangement is postponed till a copy 
of the last edition of the original (lately out) can be procured from 
London, and I believe it will not arrive before the commencement 
of next month. 

It would take about a year to translate Thenard and write 
notes to it, and the profits of the first edition might be about £120; 
but then there would be as much on every subsequent edition. It 
would also be a great thing to have one's name attached to a book 



Dr. R. a. Smith mi Life and Works of Thomas Graham. 287 

of such weight and importance. Turner thinks that if he were in 
my situation he would adopt the plan at once. Dr. Thomson first 
brought himself into notice by translating Foui'cray's System of 
Chemistry. In the meantime, however, I have been doing some- 
thing to Constable's business, as it would require more than two 
or three months — the return about £30 — and as the materials will 
do for lectures. On all these accounts I have deferred the experi- 
mental course, of which the success would be rather problematical, 
but am still ready for the lectures, should things yet turn that 
way. But I am somewhat unwilling to set up as a regular 
lecturer in Edinburgh ! It is so medical 



Edinburgh, 8th Apnl, 1828. 

My Dear Mother, — I was admitted into the 

Royal Society last night. I don't care although the L. should 
know, but should he think that there is anything to pay it will 
take away all the merit of it. 



Friday, April 25, 1828. 

My Dear Mother, — The business with 

Boyd, of Oliver & Boyd, is not yet settled, although I have delayed 
from day to day to write you, expecting that it would be settled. 
He seems determined to make a good bargain, and to-day I received 
a note from the firm, declining my proposal of £130 sure for the 
first edition, and half the profits on every subsequent edition, which 
might be estimated at £100 on each subsequent edition. It is not 
my charge for the first edition which he quarrels with, but he seems 
to think that if I am made sure of so much on the first edition 
that I have no title to so much as half the profits upon subsequent 
editions. I am quite aware that my proposal as to subsequent 
editions is high, but Boyd is so wary that it is difficult to guess 
what proposal as to that matter he would be disposed to fall in 

with. He won't suggest anything. At the Royal 

Society last Monday I had a paper, and made my debut as a 
member, Johnston, of Durham, was rejected in the Council as a 
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member, where he was proposed by Dr. Turner, at his own argent 
request. I hetd a great deal of talk with Dr. Hope as to John- 
ston's merits, and kept him up as well as I could, but to no purpose. 
It was Dr. Hope who occasioned his rejection in the Council, he 
being, as Miss Cameron says, "no poor man's friend." .... 
Hope told mc that he had repeated my alcohol process, " which he 
fancied," before his class with success — it takes a week, so that it 
is no bad advertisement — and added, with a pomposity which was 
almost too much for my gravity, " and may I be allowed to ask, 
Sir, was this beautiful discovery the result of accident or of 
research?" Humbug. 

[Graham was occupied with three papers in 1828, viz.: — (1) 
"Experiments on the Absoi-ption of Vapours by Liquids;" (2) 
"On the Influence of Air in determining the Crystallization of 
Saline Solution;" (3) "A Short Account of Experimental Re- 
searches on the Diffusion of Gases." 

The poverty of Graham at this period is illustrated by the 
following curious anecdote communicated by his sister, Mrs. 
Reid: — "I dare say you know of his taking a very poor little 
" room at Portobello, and laying wires in the sea, mostly after it 
" was dark, but moonlight perhaps, for his expeiiments. His 
" landlady found some of his things below the bed in his room, and 
" told him she did not like to see such things, she doubted he was 
" after no good, and he had better take his leave. She put his 
" wires, etc., out at the door and bid him walk, she would rather 
" want a week's rent than let him in again ; so poor Tom had to 
" hide his things and walk back to Edinburgh that night. The 
" rent of the room was 3s. per week, without fire, which was a 
"great deal more than he could spare at that time." Graham 
then returned to Glasgow, where he taught Mathematics for some 
time at the suggestion and under the patronage of the late Dr. 
Meikleham, Professor of Natural Philosophy in the University 
of Glasgow. Subsequently he had a Chemical Laboratory in 
Portland Street, where he also delivered lectures, and for the year 
1829-30 did similar work in the Mechanics' Institution. In 1830 
he was appointed Professor of Chemistry in the Andersonian 
University. 

During the next six years Graham worked hard in Glasgow — 
lecturing, teaching, and sending out workers from the Andersonian 
University. ] 
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(Uasgow, August 2, 1831. 

My Dear Margaret, — I had occasion yesterday to address, for 
the first time, that most learned body — the Faculty, for the purpose 
to get attendance on a course of Practical Chemistry made imper- 
ative, which should long ago have been the case. Mr. Harry 
Rainy seconded my motion, and our proposal was graciously 
received, although, as all dignified bodies move slowly, the bill 
must be read a second and a third time at successive meetings 
before it is passed into a law. 

I do not know what to say for news. Some mad doctor at 
Port-Glasgow, it appears, lately alanned the Government on the 
fancied appearance of the Russian cholera in that quarter, and 
occasioned a meeting of the Privy Council and other unnecessary 
measures. The Faculty replied yesterday to a letter of inquiry 
from Mr. Dixon, that the town was never more healthy at this 
season of the year than at the present moment. 



MUlhausen, Alsace (Hotel de la Couronne), 
I st September, 1836. 

My Dear Margaret, — In his laboratory (Daniel Kiichlin) we 
found the excellent chemist Schlomberger, he is an eUve of Mr. 
Kochlin's, and who has written the best papers on Madder. The 
chemist was throng at work in his blouse-coat and wooden clogs. 
Kochlin is liimself a most interesting person. By the way, 0. 
Thomson is studying with liim, and he has a high opinion of 
Walter Crum, and pronounces him, now that James Thomson 
is getting old, the most accomplished printer we have in England. 
The afternoon we devoted to Mr. Hoffer's own establishment; 
John finds them exceedingly communicative, and they seem to 
show us ever3rthing Nvithout resei*\'e. He thinks that he has 
already attained the most important objects of his mission, and 
that he will l>e able, on i-etuming, to produce the beautiful 
Madder rose-reds for which Alsace is famed, so that the journey 
will not 1)0 lost 

I was amused by the feeling which seems to prevail here in 
regard to the French Institute. They have never published 
Schlomberger's valuable papers on Madder, because they impugn 
the results of a brother member, M. Hobiquet ; although Mr. 
Kochlin spoke on the subject to Gay-Lussac, Chevreul, and others. 

Vol. XV. t 
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The fact, I believe, is that this exclusive dealing results from no 
bad feeling, but the Institute is a coterie, all the members are 
familiar with each other, and unwilling to give each other cause of 
oflfence. Gay-Lussac likewise, who is chemical editor of the Annales 
de Chimiey is an exceedingly mild man, and is certainly carried too 
far by the fear of offending his brother academicians. There is 
one of my papers which he has promised to publish (on Phosphu- 
retted hydrogen), but which I would not be surprised to find him 
restrained from doing when he finds that I give more credit to 
Henry Rose than will be agreeable to M. Dumas. Dumas 
surprised me much the first day I met him by a hasty and 
unfair criticism on Rose, whom I defended. But afterwards, 
on reflection, he was at pains to undo the impression which 
his remarks might have produced, and finally transmits through 
me sentiments of respect to Rose, so that I hope to be the means 
of reconciling them. 



Hotel (le Rome, Dresden, September 27, 1836. 

My Dear John, — I have this morning arrived here, having 
travelled from Jena by way of Leipsic in company with Dr. 
Daubeny, of Oxford. After you left me at Frankfort I went 
down to Giessen and spent two days with Liebig. He is a most 
delightful fellow, and I was glad to find him in very fair health. 
Returned to Frankfort, and took the diligence to Weimar, near 
Jena, which 1 reached this dav week. Between 300 and 400 
^^Natur/orscher^* had arrived, and the business of the meeting bad 
fairly commenced. The arrangements were satisfactory, although 
there was not the same ostentation and amount of treating as at 
the British meetings. In the mornings sectional meetings — 
the Chemical and Physical Sections meeting together ; a general 
meeting from 11 to 1, at which memoirs, or rather essays, of 
general interest were read. Dinner from 2 till 4, and sectional 
meetings again at ^ past 4 to 6 for those who had not taken too 
much champagne; and the evenings concluded very rationally 
with a ball at which there was a good turn-out of Jena beauties. 
As for the communications, they were interesting enough, but 
nothing strikingly important Of the savans who had assembled 
Humboldt was the great star, but to me Mitscherlich was the 
most interesting. 



^ 
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I had a good deal of Mitscherlich's society, and found him very 
communicative. He has a most insinuating address, but there is 
a cold propriety in everything he says and does. I was sorry also 
to notice (and I made the same observation of M. Dumas) that 
when I stated any little discovery of my own he was fi^etted and 
could not conceal a little disappointment because it had escaped 
him. This was not like the hearty good feeling of Liebig or 
Henry Rose. But I have no reason to complain of Mitscherlich. 
My oj^inion of liim as a chemical philosopher, high as it was 
before, has been elevated by my intercourse with him. I was 
particularly struck by the beautiful simplicity of some hints which 
he diffidently threw out as to the effect of a base, such as water 
or potash, on the corpuscidar arrangement of particles which cannot 
subsist without a base. The base, which may be water, has here 
manifestly an effect upon the atomic constitution of the acid, if 
we could figure it to ourselves. Water may have a similar effect 
on the metaphosphate of water, which contains one atom water. 
The influence of the water on the arrangement of the particles 
composing phosphoric acid may be different from what it was in 
the other ca^e. This idea of Mitscherlich is, of course, altogether 
hypothetic, and he by no means pressed it, but it is certainly a 
very little assumption, and we can observe in it the great secret of 
correct philosophising, namely, to advance by the shortest possible 
steps. In these corpuscular speculations it was interesting to 
observe how natui*ally he fell into the simple but philosophic 
views of Dalton in regard to atomic arrangements. 

You know Clark's letter to Mitscherlich on a difficulty in 
isomorphism, which is unquestionably a most profound speculation. 
Mitscherlich has never noticed it, which in courtesy he was bound 
to do, even although he has had a second letter from Dr. Clark. 
I more than once started the subject, but he talked of having been 
so busy overhauling the armngements of his laboratory, of being 
*• tormented from morning till night," I suppose to palliate his 
neglect; and the speculation was evidently not to his mind — too 
striding for him. He alluded to other cases of similarity or 
identity of form besides that on which Clark founds, such as that 
of sulphur and bisulphate of potash, where the constitution of the 
two bodies is totally different. Mitscherlich's law is that two 
bodies which have the same constitution should have the same 
crystalline form, but it does not necessarily follow that bodies 
which possess the same crystalline form should likewise have the 



!292 P/tilo8opIii''al Society of Glaitgotn. 

same constitution. Mitsclierlich disposed of the question by 
observing that because two and two make four that is no reason 
why three and one may not make four also 



Berlin (Hotel de Brandenbourg), October 10, 1836. 

My Dear Margaret — .... This morning Magnus and 
I visited Prof. Enke by appointment at tho Royal Observatory, 
where we spent several hours. The Professor explained all the 
admirable arrangements of a working observatory to us in detail. 
We saw the spots on the sun, and also the two stars which com- 
pose the double star Alpha Herculis, although it is only of the 
third or fourth magnitude, which, considering that it was bright 
daylight, was a very severe trial of his splendid Frauenhofer. 
I have not seen anything for a long time that pleased me so 
much as this far-famed observatory 

[About this time Graham sought the appointment of Professor 
at the University College, London, having during the preceding 
seven years been at work on the following papers, viz.: — (1) 
" Observations on the Oxidation of Pliosphorus ; " (2) *' Notice of 
the sifagular Inflation of a Bladder ; " (3) " On the Application of 
Spongy Platinum to Eudiometry ;" (4) "Etfect of Animal Charcoal 
on Solutions ; " (5) " An Account of the Formation of Alcohol ; " 
(6) ** Researches on Arseniates, Phosphates, ttc. ;" (7) "On 
Hydrated Salts;" (8) "On Phosphuretted Hydrogen:" (9) "On 
Water as a Constituent of Salts."] 



Sablouieris Hotel, Leicester Square, 
London, Saturday, April 29, 1837. 

Mv Deau James, — By the letter which f wi-ote (to Margt.) on 
Tuesday you would learn that I had started fairly in my canvass. 
I have seen nothing since contradictory to my first impressions. In 
whatever way it goes, the appointment will be made by the medical 
pi-ofessors, who will take care to be unanimous, or nearly so. Of 
the nine or ten virtual elector I have good reason for belie\Tng 
that four, at least, are not only favourable but anximia for my 
appointment, while the others, so far as I can discover, are not as 
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yet committed to auy other candidate. It is also a little fortunate 
for me that my supporters belong to both of the two parties into 
which the professors occasionally separate, although there is no 
serious division among them. But, as the whole force of the 
recommendation to be made to the Council by the professors 
depends upon their unanimity, I am not to expect that my four 
friends are to stand out in my favour if there should be a majority 
in favour of another candidate. It would be perilling their in- 
fluence with the Council, without securing my return. 

Johnston of Durham turns out, after all, to be my most formid- 
able opponent. Both Mr. Richard Phillips and Dr. D. B. Keid 
would have some support in the Council — particularly the former, 
from his true respectability of character — but they are both given 
up for different, although sufficient reasons, by the professors. 

Dr. Apjohn, of Dublin, from whom I feared most, has been 
rather inactive, and I think liis chance of success inferior to 
Johnston's or my own, althougli he follows us. 

I remain. Dear Jabies,. 

Yours most faithfully, 

(Signed) THO. GRAHAM. 



Leicester Square, London, May 6, 1837. 

Dear William, — At this moment I am in considerable doubt 
as to my movements. I had intended to start by the steamer 
for Leith to-night, and may veiy likely do so still, but the appli- 
cations, &c., of the candidates having been lodged yesterday, 
and a meeting of the Council taking place to-day at 4, after the 
distribution of the piizes in University College, I am advised by 
Dr. Carsewell not to decide till I hear whether the Council takes 
up the applications at that meeting and refers them to the Senate, 
in which case a meeting of the professors would be called for 
Tuesday or Wednesday, and a committee then appointed to report 
upon the applications. Dr. C. thinks it might be worth while 
postponing my departure for a week to give that committee an 
opportunity of communicating with me personally if they desire 
it. The Council will sit till six, and I can scarcely hear the result 
before seven, which will be too late for the post at this distance. 



29ri rJnlo8ojjhi:(d ^iocicty of (Jlastjou\ 

I shall, however, retain this letter till the last moment In case 
I remain here, would you make a point of seeing Mr. Young and 
request him to begin the Pi'actical Course, and get on with it till 
the end of the week, assuring the students of my return at the 
beginning of the week following. 

I remain. My Dear William, 

Yours affectionately, 

(Signed) THO. GRAHAM. 
William Gi*aham, Esq. 

In 1837 Graham was elected Professor of Chemistry, University 
College, London, and had his residence near it in Torrington 
Squai'e, which he afterwards left for a few doors distant, at 4 
Gordon Square, where he ended his life on tlie 16th of September, 
1869. He held the chair of chemistry in the University of 
London for eighteen yeai*s. 



Loudou, Saturday, Oct. 2l8t, 1937. 

My Dear Margaret, — I have to-day completed the third week 
of my course, and am as well and comfortable as at the beginning 
of it. My number to-day is 221, which I have no doubt is the 
largest class on chemistry in the United Kingdom. I have got 
70 pages of my firat number in type, it requires 93 or 96. It is 
likely to be ready in time so far as I myself am concerned, but 
there is a risk of the woodcuts, about 30 in number, not being 
all ready, as this is the busy season for the annuals, and so forth. 
It is not a matter of much consequence, however, if it appears in 
the fii-st week of November, as to the exact day. 

We are all doing well at University College this season. I am 
very much pleased with the attention and respectful behaviour of 
my students, more than 120 of them have put down their names 
for examination. 



Loudou, Oct. 26th, 1837. 

My Dear Margaret, — At Sharpey's advice I have thrown 
away the papers, and for a few days past have been extemporizing. 
I am satisfied thnt it is the true system, and will come to be much 
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the easiest in the end. After I get my first No. out (which by 
the way is all in types), I shall not allow it to interfere with my 
other engagements, but only take it up when perfectly convenient 
The extemporizing requires one to be both in good health and in 
good spiiits, and I am determined not to risk myself for any con- 
sideration ; so keep yourself easy. 



36 Keppel St., Ruasell Sq., 
Nov. 3, 1837. 

My Dear Margaret, — AJready five weeks over. My No. in 
the class is 232, and a third student has joined the laboratory, a 
Mr. Fonton, of Rochdale. 



36 Keppel St., Russell Square, 
Nov. 24, 1837. 

My Dear Margaret, — I have after all left myself very little 
time to write to you. I hetd a very long and agreeable letter 
from Liebig a few days ago, conveying the information that his 
University have made me a Dr. of Philosophy caiisa honoris, but 
this is a profound seci*et, and to be kept like all such, as I am 
doubtful whether I shall make any immediate use of it, although 
it is very flattering. He has been reconciled to Dumas at Paris, 
and has a gmnd project of publishing a chemical journal in three 
languages, to be edited by Liebig, Dumas, and myself, but not 
before simimer. 



London, Dec. 2, 1837. 

My Dear Margaret, — . . . My present number is 238, 
and we cannot look for any addition till January, when we may be 
joined by few new perpetuals, for we do not give the second term 
by itself. But you must not think that all my 238 are payees. 
This arises from the system of perpetual tickets. 



Somerset House, 24th March, 1838. 

Sib, — I am directed by his Royal Highness, the , President 

of the Royal Society, to communicate His Royal Highnesses thanks 
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to you for having exhibited your very interesting experiment of 
the solidification of carbonic acid gas at Kensington Palace, and 
also to express to you the very great gratification which that ex- 
hibition afibrded to His Royal Highnesses visitors. I am further 
directed to suggest to you whether you might not present to the 
Hoyal Society an account of the experiment, which would Im; very 
acceptable to this body. 

In thus conveying to you the sentiments of His Royal High- 
ness, allow nie to express to you my individual gratification in 
witnessing your truly scientific experiment on that occasion. I 
felt, I assure you, at a loss which most to admire — the liighly im- 
portant result, the philosophical beauty of the principles on which 
it was obtained, or its immediate scientific application. 

I have the honour to be, 
Sir, 

MP 

Your most obedient Servant, 

(Signed) S. HUNTER CHRISTIE. 

Professor Graham, F. K. S. , 
&c., &c., &c. 



9 Torrington 8q., Monday, March 11, 1839. 

My Dear Margaret, — .... I attended last night the 
first of the Marquis of Northampton's soirees. He has one of the 
large houses in Piccadilly, facing the Green-park, l>eyond Park 
Lane. There was a great turn-out. The heliographic drawings 
of Niepce, Daguerre's old partner (referred to in the Atheiumim of 
thb week), were on the table. They arc on metal — extremely 
delicate and beautiful when seen in a proper light, suggesting a 
mezzotinto drawing. ]My idea is that the metallic plate, wetted 
with nitrate of silver, has been placed in a small camera obscura con- 
tmning hydrogen gas, and then the prospect i-eflected in upon it. 
Where the light fell the white silver was deposited in the metallic 
state on the plate, and makes the lights on a darker metallic 
ground, while the shade can be etched afterwanls by an acid from 
which the lights will be protected by the silver. But we shall 
see. Mr. Talbot's plan for prepared paper, in which the lights 
and shades are reversed, is curious but not at all new. 
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9 Torrington Sq., Monday, April 29, 1839. 

My Dear Margaret, — My compliments to Mr. Reid, and tell 
him that he may have the cabinet for £1 10s., neither less nor more 
(the sum for which Howard procured me the bookcase I have here), 
but not before his house is built and he finds that he has room for 
it. If not a very handsome, I believe it is a substantial piece of 
carpentery, as Mr. Young fDr. James Young] used to pride himself 
on it, particularly on the hinges of the lower compartments, which 
are of his own invention. 

[During the yeai*s 1837-9 Graham was busy with three elaborate 
and important papera, viz. : — (1) " On the Constitution of Salts ; " 
(2) ** On the Law of the Diffusion of Gases; " (3) " On the Theory 
of the Voltaic Circle."] 



From York, Sept. 29, 1844. 

To Mrs. J. Reid, — I wiite you in the middle of our meeting 
here, which has proved an excellent one. We have the best men 
in all departments and a pretty numerous attendance besides. 
My own Section is particularly favoured as wc have the two stars 
of the meeting, Professor Matteucci from Italy, and Liebig. The 
latter has attracted crowds of country gentlemen to the Section, 
which is quite a new feature in it. Liebig is residing with the 
Archbishop, whose son, the Rev. W. Vernon Harcourt, is highly 
chemical. I drove out with Mr. Harcourt to dinner on Thursday 
at his father's, and arriving early had half-an-hour of the Bishop's 
company while the rest were dressing. He is a hale old man of 
eighty four, of strong sense and highly popular. He was using a 
stick from a lameness occasioned by his breaking one of the branches 
of the tendon achilles of the heel at the late Royal christening, of 
which accident he gave me a familiar account. He suffered ao 
much that he could not have read the service, but having been a 
parish Priest before he was a Bishop he knew it by heart; and the 
Queen and Albert were afraid all the time that he would let the 
child fall out of his arms. His daughter Miss H. does the honours; 
and the young ladies of the family (her nieces) are fine girls, young 
Miss H. in particular, who has had a week of desperate flirtation 
with Rev. Deans and Professors who flock about the palace. 

I return to London on Wednesday evening and will therefore 
miss the Liebig dinner at Glasgow. 
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Oct. 29, 1844. 



To John Graham, Esq. — I have had a bustling week 
oMong to Liebig's return to London, and second visit. He 
saw no company except private friends, and did not ^asit out 
last week (except once) till we left for Oxford together on 
Friday after my lecture. This was a long promised visit 
for me to Dr. Daubeny, and I remained there till Monday, 
occupying Fel ton's chambers in the Dr.'s college (Magdalen) for 
three nights. This being term time, I saw Oxford, as you may 
suppose, to gi-eat advantage. The Doctor had his sister and two 
nieces on a visit to him in his official residence in the Botanic 
Garden, one of the said nieces is not quite a beauty, but every- 
thing else, and very dangerous. 

Liebig returned before me on Saturday evening, accompanied 
by Dr. Buckland, who consented to remain with him at No. 9, 
and did the honours of the house till the return of the usual 
occupant. I wish Margaret had been here to have met the 
Doctor, his good nature and humour or rather classical drollery 
are quite ovei'powcring. 

Liebig had, a very satisfactory interview with Sir Robert [Peel] 
after church on Sunday — Buckland introducing. -iVmong other 
things, the Professor was asked his opinion of the new (proposed) 
College of Chemistry. He said that its character and success 
would depend entirely upon the cheuiist who should undertake its 
management, and that not being settled ho coiUd not give any 
opinion, although he thought favourably of the principle. It is, 
Liebig really believes, at present a job of certain parties, but I 
would not be surprised to see it taken out of their hands. Sir 
Kobert enquired why not attach it to one of the existing institu- 
tions — University College or King's College. This Liebig thought 
the proper plan. 

Dr. Buckland has much of the premier's confidence, and is, I 
can easily see, his principal scientific adviser. I have no wish to 
be encumbered with the new college, and believe that the means 
of teachmg chemical analyses in London arc sufficiently ample and 
cheap, more than the public will take advantage of. The best 
locale for a Giessen school is not London, but some country town, 
and it might be well comiected with an agricultural college. I 
have no wish to meddle with such a speculation or be any way 
responsible for it ; foreseeing, as I do, great perils and chances of 
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failure. Dr. Bucklaud, however, having extracted my views of 
the subject, adopts them, and I have no doubt they will go further. 
Sir R., I should mention, had expressed his willingness to go as 
far as to accommodate such a college of chemistry with house- 
room, provided the necessary expenses were otherwise guaranteed: 
Dr. Daubeny was taken by surprise by the announcement in 
the Staiidard of Saturday that Dr. Dalton had left £4000 to found 
a new professorship of chemistry in Oxford (!!!) One of the 
executors (Mr. Nield, I believe) also informed Dr. Daubeny at 
York that he had a legacy of £100, but of neither of these cir- 
cumstances has he received any official notice or confirmation. 
I wish you would let me have what you know on this matter. 
The will, having been sworn in Doctors' Commons, is, I suppose, 
published. Also, how your own proposed professorahip in Man- 
chester is likely to be received. Say how much I should subscribe. 
Dr. Daubeny proposes to give ten guineas, but perhaps you would 
expect twenty fi*om one who fraternizes with the League, and 
has so much to interest him in Manchester. 

[Between the years 1839 ai\d 1844 Graham was busy with three 
papers, viz. : — (1) "On Preparation of Chlorate of Potash;" (2) 
**0n the Constitution of the Sulphates;*' (3) "On the Heat Dis- 
engaged in Combination," in two parts.] 

Aug. 3l8t, 1850. 

To Miss Graham, — I started from London on Tuesday night, 
and in twenty hours reached Cologne very much cut by sea-sickness 
and fatigua But after a night at the Hotel HoUande I was quite 
recovered, and enjoyed the sail up the Rhine in a very fair day, 
the voyage to Biberich near Mayence lasting from 6 to 7 evening 
and reached Frankfort by railway about ten: when I got to a 
good hotel, " the Boman Emperor," the town being crowded from 
the fair. The peace people had left. Cobden had been most 
admii*ed, and the people here had been gratified by the discursive 
style of English addresses which they take as a lesson in public 
speaking. Next morning I went on by railway and diligence to 
Giessen, from 9 to 2 p.m. ; and after dining at the Happen called 
on the Professor. He appeared to me in better health than the 
reports, indeed I would imagine quite as well as when I first saw 
him thirteen years ago. He had many inquiries for you, and has 
made up his mind that you are to come and spend four or five 
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months with them. Madame Liebig and part of the family are at 
Ostend, he had waited a day or two on my account, and then Dr. 
Will and he proceed to Aix-la-Chapelle to analyse the waters — a 
professional engagement. I found the leading young chemists of 
the place still here, Dr. Strecker whom I think very highly of, 
Flutmann, and Will. Kopp had ali*eady left, but Knapp and 
^Madame Knapp were at home ; also an Austrian young professor 
Dr. — wo had a very merry supper party. Dr. Hoffman I also 
found at his mother's, and was introduced to the old lady and his 
two sisters, a very pleasant family circle. They know you very 
well through Mi*s. H. ; she had left again for Dannstadt after a 
visit here; she, I undei*stand, is very well. The doctor however 
has not made so much ground as he should have done. We shall 
be occupied all this day (Saturday) about Giessen, then Dr. W. 
and I go to Marburg to-morrow (by rail) to see Bunsen. On 
Monday we propose starting with his manied sister for Frankfort, 
next day to Darmstadt, and Wednesday to proceed direct to 
Switzerland. If you should write a line, it would be best to 
address me to " Post Restante ' Beiiie. 

Tlie season in Germany has hitherto 1 think been scarcely equal 
to England. This, however, is a magnificent day, and they hope 
for a warmer Autumn. 

I am living with the Professor, and have tlio world of news and 
information. You will be glad to hear that he is entirely reconciled 
to Dumas. They had met and spent a few days together, at Lille 
I believe. The minister of commerce had in command from the 
pi*esident to present the decomtion of the Legion of Honour to 
the Professor, l^iebig will be over for ten days at Easter to see 
the great Exposition, with every body in Germany, and intends to 
bring Madame Liebig. 

[Between 1844 and 1855 Graham was at work on ten papera 
— eight on small matters, but two of great importance, being his 
celebrated papei*s on the " Motion of Gases," and the ** DifTusiou of 
Liquids." 

In 1855 Gmham succeeded Sir John Herachel as Master of the 
Mint. On his appointment to the Mint, he laboured assiduously 
and successfully in acquiiing a thorough knowledge of the technical 
work and financial relations of his office, and discharged his duties 
with much energy and judgment. It is known that he brought 
about various reforms and economies in the working of the esta- 
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blishment ; but the service for which he will be chiefly remembered 
was the introduction of the new bronze coinage, which, besides 
substituting a more convenient medium of circulation than that in 
previous use, was attended with a pecuniary profit to the State of 
very large amount.] 



The Mint, Nov. 7th, 1855. 

To Miss Graham, Nice, — .... I have not happened to 
remark anything of late respecting the state of Kome and other 
Italian cities as regards cholera, but if they are suffeiing from an 
autumn attack that is likely to be on the wane. I shall send, 
however, a few daily papei-s to Nice, and if matters are really 
bad you are likely to find some notice of them. 

Wo are keeping up our high rate of work (£420,000) weekly at 
the Mint, although it requires constant vigilance on my part, 
particularly in the absence of Mr. Bai*ton, whom I wish to make- 
out his month's holiday undisturbed. He returns in a day or 
two 



London, Dec. Ist, 1855. 

To Miss Graham, Rome, — .... I hope you will find 
a healthy, comfortable apai*tment, and would recommend you not 
to be too parsimonious on that head. 

Here things have been going on much as usual. But I have one 
surprise for you. Dr. Lee, of Hartwell, has just married a lady 
of twenty-five. The first news of the happy event, coming through 
Admiral Smyth, was set down as a joke, but it has been published 
since in the Times. At the Royal Society Anniversaiy Dinner 
yesterday, where I first heard this, not a bad joke was current 
respecting the new Lord Mayor's dinner, Salomons, being, you 
know, a Jew. One of the city waiters was addressing the visitors — 
'* Gents., would you have fish," and when Baron Piatt remarked 
that it was too bad to address judges in that manner, his neighbour 
at table asked if the Baron did not know that ** Gents." was short 
for Gentiles! 

Faraday called at the Mint, looking uncommonly well after a 
sojouni of three months at Brighton, and in first-rate spirits. He 
had many enquiries about you. Sharpey also appears to be some- 
what better in health, 
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Playfair says that Lord Palmerston does not look favourably 
upon the decoration of the English jurors by the Emperor, and that 
the crosses will be somewhat contraband on this side of the channel; 
it is the aristocratic feeling coming out. 

I should mention that Lord Wrottesley, notwithstanding bis 
omissions of the soirees, is giving much satisfaction as President of 
the R S. The two Royal medals were given one to Hind, Mr. 
Bishop's Astronomer, and the other to Westwood the Naturalist. 
The Copley medal to M. Foucault (pendulum movement, showing 
rotation of the earth, <&c.) I dine to-day with Dr. and Mrs. Amott 
to meet the latter. He made a pretty French speecli at the 
Anniversary Dinner, where, by the way, I was myself called up, 
Sabine giving me the alternatives of proposing the health of the 
President or returning thanks for ** Her Majesty's Ministers," of 
which I preferred the former 



Dec. 13th, 1855. 

To Miss Graham, Rome, — . . . Dr. Hoflinan liad an accident 
to his eye which was at first a little alarming, and got, I believe, 
into the newspapers. The Rev. Mr. Barlow had caused an 
explosion of sulphuric acid, a small drop of which found its way 
past the glasses into the Dr.'s eye. He was confined to a dark 
room for a week or ten days in consequence of the inflammation, 
but is now going about again without having suffered any permanent 
injury. You may imagine what a vexation the accident was for 
poor Mr. Barlow, who attended at Fitzroy Square like a nurse. 
The Dr. promises a musical party as an ©lining of the house; the 
furnishing goes on gradually. At the Mint wo have continued to 
keep up to our six deliveries a week (£430,000), although 
unusually troubled with unworkable gold, of which I was obliged 
to complain to the bank. The miscliief I have since tmced to a 
small quantity of iron in the gold, which is that of " Ballarat " and 
the "ovens" simply melted down, whereas it ought to be refined 
before being sold to the bank and sent to us. The bank melters, 
Brown and Wingrove, promise to look after this in future. I am 
gradually and quickly suppressing the abuses of the coining depart- 
ment, and Mr. Brande now submits to my innovations with 
resignation if not with a particularly good grace. Tliey were 
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chiefly ridiculous extra charges which the men had been allowed to 
make, the passing of which every week was a recurring vexation 
which I now escape. . . 



Jan. 8, 1856. 

To Miss Graham, Rome. — I had your long and amusing letter 
giving your visits to the Cardinals and French Commandant, for 
which many thanks. It has since been forwarded to Cooper at 
Southport. On calling on Mrs. Wilkinson, a few days ago, to deliver 
your message, I received an emphatic contradiction from her of 
the report that Dr. Wiseman was going to Rome. She rather 
opened her heart to me on the occasion, telling me that she is 
the only Catholic convert in the family, her husband having lived 
and died — "poor man^' — a Protestant clergyman. Her brother 
AFr. Porrett, is High Protestant also, and a little intolerant, so 
that the good lady holds to her adopted faith under what she 
considers no small persecution. She was present at Oscot College 
when Mr. Talbot was first received; he gave up an English living. 
When she was fifteen or sixteen, the father of Mr. Hemans was 
devotedly attached to her, but afterwards married Felicia. She 
saw a young man once at Oscot Church, in whom she recognized 
the form and features of her old admirer, although the young 
man was shorter and not so good looking; this is your Mr. 
Hemans. She is very well and sends her compliments. 

I got tolerably through the holidays all things considered. 
First — I went to a German tea, with which No. 9 Fitzroy Square 
was inagurated, but here made two mistakes — dining beforehand, 
for the repast was of a most substantial character, recalling the 
tea-dinners of primeval times. The other, for which in some 
degree I must blame the Doctor, who had put at the bottom of 
his invitation, "evening dress with decorations," was appearing 
on the occasion in white choker, black coat, buttoned up to the 
throat, and the Rosette and Star of the Legion of Honour blazing 
on the left breast. Coming late and proving to be alone in my glory, 
the effect upon the company, and especially the female portion of 
it, was magnificent, perfectly stunning. The Dr. himself had not 
mustered courage for such an exhibition, and there was no other 
decorS present. Miss Hoffmann is evidently more comfortable in 
tlieir own house than she was formerly in her brother's lodgings. 
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Secondly — I ate my Christmas dinner at W. Tookes, Russell 
Square, who has lots of grandchildren, and had the honour to take 
out Mrs. Arthur Tooke, an old Pau friend of yours. .... 
Also, old Thomas Tooke, the distinguished political economist. Dr. 
Gray of the Bntish Museum, and a remarkable lady whom I must 
not forget, Mrs. Grant, who has been to Pau and everywhere; she 
has a daughter a Ward in Chancery, whose property Mr. Tooke 
manages. Mrs. (irant has been presented to all the Queens of 
her time I believe, and discussed the royal bearing of each. She 
is not altogether satisfied with the Empress of the French, who 
is a nice gentleman's wife, but wants Jlerte. The Queen of Spain 
disgusted her. She pronounces our own Queen, little as she is, to 
have dignity, and to look the Queen more than any of her 
compeers. 

It is a little curious to find myself taken into council by the 
Government on financial questions, and to be talking over affairs 
of state with the Chancellor of the Exchequer and Secretary of 
the Treasury, over a parlour fire in Downing Street. The fact is, 
that finance at present offei-s a magnificent career if one could give 
up Chemistry ; but no, I must remain time to my first love. 



Pans, 3rd Oct., 1856. 

To Miss Graham, — Pelouze was at his post, and from him and 
the contractor at the Mint I have every information that I can 
desire. We were to-day at the manufactory of MM. Rousseaux, 
and saw the production of both sodium and alimiinum on a grand 
scalo. 

I shall have scarcely occasion to go beyond Paris, and will pro- 
bably i-emain over the meeting of the Institute on Monday. I 
propose to take Biiissels on my way back. 



30th Dec., 1857. 

To Mrs. James Reid, — The five-pound gold piece was struck 
expressly for you as a souvenir of the Mint. It is considered one 
of Wm.Wyon's best works. " Una and the Lion," and such pieces 
are so scarce that they bring a good premium. I am only afraid 
that the gold will burn in the pocket of such a thrifty i>erson, and 
that you will bo disposed to realize. 
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[From 1855 to 1861 Graham published nothing of impoi-tance, 
when in that year appeared his celebrated paper on "Liquid 
Diffusion applied to Analysis."] 



16th May, 1861. 

To Miss Graham, — The issue of the new bronze is going on 
satisfactorily, all that is manufactured being out or bespoke. 

Last week has been a week of soirees, I could not avoid being 
out every evening. Among the rest Lord Ashburton's, as Presi- 
dent of the Geographical I had not seen Lord A. since his 
marriage. He introduced me very kindly to Lady A. Wild, you 
will be surprised to hear, has given up his office at the Royal 
Society. There is some difference between him and the other 
(superior) officers, which has not been explained. He certainly 
was not generally liked. 

I was able to send in a paper to the R, S. last week, which 
contains two or three years' work, and has cost no small effort to 
get up amid my other distractions. I need only describe it as 98 
folio pages in length. I expect also to hand in two short oues, all 
but ready, before the i*ecess. This is an unspeakable relief to me, 
for nothing depresses me so much as the falling behind in my 
scientific career, consequent upon my official engagements ; but I 
hope to recover in some considerable degree my place in the race 
by these papers. 

17th. — I had a visit to-day at the Mint from Prince Arthur, a 
fine bright boy. He cei'tainly promises well. 



7th June, 1861, from London. 

To Miss Graham, Pau, — . . I forget if I told you of the 
last move of the officers of the R. S. — it was to place me as 
Treasurer and Vice-President in succession to Sabine, the latter 
being elevated to the chair. Thb would have suited me better, as 
the duty would have been light; but, after some hesitation, I have 
felt it necessary to decline this also. W. Crum and Dr. Hoffman 
agreed with me in the propriety of this resolution. Sharpey is, 
however, much disappointed, as he had set his mind upon such an 
arrangement, which he says would have made Sabine's presidency 
go down better with the body of the Society. But the overwork 

Vol. XV. u 
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of last winter and spring has made me nervously afraid of 
encountering engagements merely for honour's sake. My chemical 
work, on the other hand, is going on very nicely. . . . 



4th Nov., 1861. 

My Dear Master, — I am very glad to be able to inform you 
that Lord Palmerston has sanctioned the appointment of your 
brother to the office of senior clerk and assistant coiner in the 
Mint. 

This may be attributed not only to the testimoniab of superior 
fitness for the office which your brother possesses, but I hope that 
you will also consider it a mark of the estimation in which, for 
your services and the economy you have introduced into the 
department over which you preside, you are held. 

Believe me, 

!Mv Dear Master, 

Very truly yours. 
The Master of the Mint. 



7 Nov., 1861, from London. 

To Miss Graham, Pau, — I am enjoying my holidays, after a way. 
The change in the weather, wind and snow, sent me up from 
Hastings after a few days. The business at the Mint has been 
brought up so that things can go on for a few weeks without my 
intervention. Mr. Barton and John have it all their own way, 
and I believe both will be improved by the responsibility. In 
the meantime I fully enjoy my temporary release. 

The election of President of the Royal Society comes on upon 
the 30th inst. Dr. Roget is still urgent for Loi'd Brougham, and 
he will be proposed. The election might, I believe, be easily secured 
by a little organization among his supporters. It would be an 
appropriate close to the career of the old hero. In the meantime, 
from necessity as well as choice, I keep myself entirely out of the 
melee. 

In making holiday I looked in at the National Gallery yesterday 
and found Mr. Womam the Director. The change is surprising. 
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That Turner room is really a National treasure. I wandered out 
afterwards to the Zoological where I met Lewis with ** George 
Eliot '*' on his arm. I had never seen the lady before, she has a 
long face, and her attractions do not reside in her looks — so far for 
first impressions. Last week I had a very agreeable communication 
to make to Mr. Aitkinson and University College. My old friend 
Mr. Evans of Worcester (Hill and Evans, the vinegar makers) gave 
me the first intimation to the College, of a small legacy to U. C. 
under a will of which he is one of the Executors. It is about £60 
per annum, without any restriction. The testator was an old 
j(entleman of the name of Webb, 90 years of age. 



9th Nov., 1861, from London. 

To Miss Graham, Pau, — The issue of the new bronze pieces 
goes on successfully, and we have the public with us. The change 
from the old to the new will, I believe, be roughly completed 
within the Metropolitan district in the course of a few weeks mora 



lltli Dec, 1861, from London. 

To Miss Graham, Pau. — I have obtained another senior clerk, a 
kind of deputy to John, principally for the outdoor work. He is 
a Mr. C. F. Macdonald, of Manchester, who was recommended to 
me by George Wilson, and of whom Mr. Gladstone had also heard 
from other sources. 

In this business I have allowed an extremely simple system to 
develope itself, which has kept the work falling on the department 
at a minimum, and procured us an amount of gratuitous assistance 
all over the country which is really surprising. We have had 
nothing to retract, had no mishap of any kind, and every step we 
take I see my way better, and can advance more confidently. 

. . . I have had letters from old chemical friends respecting 
my paper, which is being translated into German and French, and 
find that it is attracting attention. Professor Schonbein, of Basle, 
writes an amusing letter. 
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14th Dec., 1861, from London. 

To Miss Graham, Pau. — The bulletin of the Prince Consort's 
health is favourable this afternoon. Dr. Amott says that all 
ground for uneasiness lias ceased. Lord Monteagle, with whom I 
was talking, says that so serious did things appear yesterday that 
the Duke of Cambridge was called away from parade. 

Miss Coutts has been to Compeigne, and reports the Emperor 
as speaking strongly against the Americans. He wished they had 
tried it on one of his ships. 



16th Jan., 1862, from London. 

To Miss Graham, Pau. — Doctor Hoffmann has had a tempting 
offer of a Chemical Professorship at Bonn. His countrymen are 
anxious to have him back, which I can well undei'stand. I was 
tilling him his countrymen must look upon him as the " missing 
planet" between the orbits of Bunsen and Strecker. He was 
much shaken by the offer for several days, but he is too well 
situated in every respect here to make a change. 

James Young, with John Thom, Dr. Angus Smith of Manchester, 
Dugald Campbell, and John, dined here the day before yesterday. 
The gathering was due to Mr. Young's friendly anxiety to support 
the claims of Dr. Smith to the Chemical Chair in Aberdeen, which 
has become vacant by the death of Dr. Fyfe. 

In case the Rev. Mr. Yorkc should be disposed to look into a 
correspondence on the glacier question, I bog to enclose a letter 
from Professor Hopkins, the eminent IMathematician and Physical 
Geologist, who is to lecture on the subject at the Royal Institution 
on the 31st., with my explanatory reply. I do not care to publish 
more on the subject till I have had an opportunity of making a 
few experiments to illustrate the subject. 



3rd February, 1862, from London. 

To Miss Graham, Pau. — Since I had your last favour, Professor 
Hopkins' lecture on the glacial theories came off at the Royal 
Institution. It was very clear and satisfactory so far as it went, 
but of too elementary a character to take up such a point as the 
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colloidal condition of ice. It was entirely decisive against Forbes's 
confused views of viscosity. A peculiar idea was brought out by 
Mr. Hopkins to account for the glacier movement, so far as it is a 
sliding motion. He had observed that when a block of ice is 
placed upon a plane, such as a Welsh slate, slightly inclined, the 
ice will slowly move downwards. This slipping motion was 
admitted to depend upon the melting of the lower surface of the 
mass of ice in contact with the slate. But whence the heat to 
melt in such a way the bottom of a glacier T The internal temper- 
ature of the globe to be sure. The Professor had a mass of ice 
placed as described on a slate, to show this motion, but somehow 
or other it was " no go ; " but 'Faraday, the moment the cause of 
the expected movement was given, darted off, and placed a gas 
lamp below the slate, thus bringing in the " central heat " with a 
vengeance. The movement speedily followed. There may be 
something in this motion of Hopkins', although the prevailing 
opinion is that the effect of the central heat upon the sui-face of 
the globe is too small now to be appreciated. But the rocky bed of 
the glacier is scratched, showing a sliding motion ; to which it may 
be replied again, that the bottom surface of the glacier ice itself 
has been found scratched also — not melted away as the hyjwthesis 
seemed to require. Mr. Hopkins, however, insisted most upon 
the crushing of the brittle ice, and its subsequent "regelation" 
into a homogeneous mass in its new position. Dr. TyndalFs pretty 
experiment of crushing the ice into the form of a transparent cup 
by a Bramah press was successfully repeated. And here the 
lecturer stopped. Mrs. Faraday had her enquiries for you. She 
reports Mr. F. as pretty well, " but we must not let him work so 
much as he would like." The Bucktons were also enquiring for 
you. 

While we are scientific, I may refer to Mr. Yorke s problem of 
the brandy cherries and your own preserved greengages. The 
sugar and much of the flavouring material come out and are 
distributed through the brandy. It strikes me that the thing 
would be made plainer by using a little bag of animal membrane 
(or parchment paper) instead of the greengage. Supposing the 
little bag was tied up filled with gum-water, and placed in the 
bottle of bi-andy. The first result would be (I believe) that the 
water would go out to the brandy, which greatly attracts it, and 
the bag would collapse. The difficulty of tlie brandy entenng the 
bag is greater than that of the water leaving it. But in a ce 
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time the proportion of brandy would be the same inside and out- 
side the bag, the latter still much collapsed. So it would end 
were it not for the gum in the bag. Gum is one of those sub- 
stances which cannot get through the walls of the bag (gum being 
a colloid), and must therefore remain there. But the imprisoned 
gum now attracts water to itself from without by endasmose, and 
the consequence is that the bag is again distended, the gages 
become plump at last. The water that has so got in is also 
followed by alcohol, attracted by the water. 

You refer to the sad coal-pit accident. Some one has cut out of 
a paper and sent to me the enclosed slip. It was an old idea of 
mine, but the material mentioned should be kept in store in all 
mines liable to choke-<lamp. But still, it is the old story, the 
life-boat not at hand when wanted. The surest guarantee against 
such accidents is the Scotch law, which gives to friends of the 
miners an action against the mine proprietor. In Scotland each 
of the widows would have thus received, at least, X250. 



14th Febiniary, 1862, from London. 

To Miss Graham, Pau, — He (Mr. John Graham) is very much 
engrossed with our bronze issue, which is truly a considerable 
affair. It requires a great deal of attention, but goes on 
prosperously. 

Last Friday evening wo had an interesting lecture from 
Professor Huxley, at the R. Institution. The great point was 
producing a human skull from the bone cavern — the skull of 
the man who made tlie flint implements found in the drift. It 
appeal's that the skull in question was found so long ago as 
1830 or '40, iii a bone cavern near Liege, and was described by 
a good native geologist as being eoutcinporaneous with the accom- 
panying elephant and tiger remains; but nobody l)elieved it. 
Lately, however. Sir C. Lyell went into the question, and on re- 
examining the skull, found it to bo in exactly the same fossil 
condition as the other bones, and manifestly of the same age. 
It was a fairly formed skull. Next Friday evening Dr. Odliiig 
is to illustrate " Dialysis." Calvert, of Manchester, lately gave a 
lecture there on the same subject. Redwood followed. 

Saturday was the private view of the picture exhibition of the 
British Institution, which I would not like to miss. It is a kind 
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of harbinger of Spring, the snowdrop of exhibitions. There 1 met 
old artistic friends, Womam, D. Roberts, your Caucasian admirer 
Solomon Hunt, RA., clbc. It was a pretty show, remarkable, as 
usual, for the large number of fair pictures, rather than for any 
salient production. 

19th Feb. — I have allowed several days to elapse. Odling's 
lecture I hear from all quarters went off exceedingly well. The 
subject admitted of a number of pretty experiments which he 
made the most of. I dined on that day with Bence Jones, found 
Col. Thos. Yorke, Dr. Hoffman, a Miss Raphael or Gabriel (I 
forget which angel), a clever creature and great favourite of our 
host. The Franklands were expected, but by some accident did 
not come although they were at the lecture with Miss Colvill 
afterwards. I had also a quiet dinner with Dr. Sharpey last week, 
to meet a brother of Professor Kolliker's, who is, I believe, a Swiss 
merchant. All your friends were enquiring for you. Miss 
Hoffinan is still very weak, and has not come down stairs, but I 
was admitted to a visit. She also desired to be particularly 
remembered to you. Their sister, Mrs. Raw, is with her. James 
H. and Carl are both well. The Dr. has cleared up lately with 
great success the nature of tlie magenta colours, which was very 
obscure. The amount of good work he gets through is something 
extraordinary. The printed copies of my second paper came to 
hand to-day. It is a much less general subject than the last, and 
not of the same popular interest. But I shall post a copy to you. 

I am drawing up my report on the Hong-Kong currency, which 
seems to drive everything else out of my head for the time, and 
is the only apology I can offer for scarcity of news. 

[In 1863 appeared Graham's paper on ** The Molecular Mobility 
of Gases and Atmolysis '' — the remaining years of his life being 
chiefly occupied by this subject and that of the occlusion of gases.] 



nth Feb., 1863, from London. 

To Miss Gbauam, Pau, — I am getting a head of the Queen 
engraved by a German artist, C. Weiner, who has come to settle 
in London. His first attempt is certainly good as a likeness, but 
too i^alistic to please. He will probably try again, and if a 
portable impression can be taken, I shall send it for your opinion. 
Weiner's designs for the Rumford medal met with a qualified 
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approbation only in the Comniittee of the R. Society. The 
Committee included Sir C. Eastlake and Mr. Westmacott, the 
sculptor, who pronounce rather decidedly against the tasU of the 
work. Weiner has improved the designs greatly, acting upon 
suggestions of Mr. Westmacott, and it will now probably be passed. 
The old dies to be superseded were quite wretched. 



9th May, 1863, from London. 

To Miss Graham, Pau, — .... The fact is I had an 
evening occupation for the last two months which has nearly 
excluded everything else, cori*espondenco in particular. It is the 
composition of a paper for the R. S., embodying several years' 
work — the subject, the Gases — which I was very anxious to get off 
my hands. It has cost more work (I mean investigation) than the 
dialysis, but is necessarily a little mathematical, and consequently 
less generally interesting. I am glad that it is now off my hands, 
having been delivered in fairly copied only last evening. . . 

I had a few words with Play fair last night, who had just returned 
from Osborne. He describes the Queen as in fair spirits, and able 
to speak of the late Prince, which she is constantly doing, without 
suffering. He is veiy thankful for the infoimation you sent him 
respecting the education of his boy at Pau. It was a meeting of 
the Chemical, and I found Stenhouse there, remarkably vigorous. 
Hoffman also in great force. 

I have avoided any inquiry about the Bonn business. It seems 
publicly rather to have passed over. Stenhouse gave the general 
impression that the Bonn salary, about X400 a year, would be 
insufficient for the Dr. after his London experiences. I am to dine 
with him next week at Mrs. Wilson's, and then may perhaps hear 
more of his intentions. There is a little stir just now with the 
appointment to a now office, the Inspector of Chemical Works, for 
which Dr. Angus Smith, of Manchester (James Young's friend), 
is the favourite candidate. Young was in town, and went with 
me to dine at the R. S. club. He considered himself very fortunate 
on the occasion, as he was placed between Sir Wm. Armstrong 
and Sir R. Hill. He had been in Glasgow, and spoke favourably 
as to Mrs. Reid s health. I have not heard anything direct from 
Blythswood Square for a long time. I accepted an invitation 
from the " divine Rachel " to visit Bushey Park and see -the 
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chestnuts next Sunday afternoon, dining afterwards with the 
Chadwicks, at Richmond. I have been little out for some time, 
but I dined last Saturday with Dilke. Except Willis, of Cambridge, 
and myself, the party were chiefly old family frienda The 
Pi-esident's soiree followed, at which the Prince of Wales made his 
appearance. Dilke says, by the way, that the Queen has spent a 
great deal of money lately, that she insisted on refunding all the 
Danish expenses from Copenhagen to London, also the Hessian, 
" because they had not the money to do it." It appears that the 
English officera who escort on such occasions receive large douceurSy 
two or three hundred pounds. She also paid the hotel bills. 
Being in mourning, she did not receive the visitors in Buckingham 
Palace, which explains why her visitors were in hotels. . . 
Enclosed you have a little piece for Hong Kong, a thousand in a 
dollar, or twenty in a penny. . . . 

[This completes the letters of Graham, who belonged to a group 
of chemists of the first rank, whose education and experience were 
entirely acquired on British soil, and, moreover, of a group of 
chemists whose powerful generalizations materially advanced the 
science throughout Europe. 

The matter which follows is exactly as written by Dr. Angus 
Smith, and appears to call for no further remarks by the Editor.] 

As a private man Graham led an uneventful life; but no man 
has passed through the world more uniformly respected. Too 
retired, too quiet, his life appears to have a deep tinge of melan- 
choly in it, notwithstanding its eminent success. Very intimate 
friends he had few out of the circle of the family of brothers and 
sisters, who were strongly attached to him, and to whom he was 
much devoted, being himself unmarried. 

It was by Dr. Thos. Thomson's teaching that Graham first 
learnt Chemistry, and however much his boyish mind may have 
been attracted by the wonders of experiment, it was at a very 
early age I believe that he began to think of the recondite laws of 
matter. In 1826 there is a memoir by him on the absorption of 
gases by liquids, and his shrewdness and calm mode of speculation 
are as apparent there at 21 as at any time of his after life. He 
supposes for example that absorption and liquefaction of gases are 
regulated by the same fundamental properties.''^ 

* Faraday's exporiments on the liquefaction of gases were made in 1823. [Ed. ] 
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Next year, viz. 1827, speculating on the atmosphere, he thinks 
that it may become liquid or solid when cooled to 284'*0. He 
says that if the air cools at the rate of 1 degree for 300 feet, it 
may lose its elasticity at 27*27 miles, and temperature occasion a 
limit to diffusion. Here then we almost say we find him beginning 
his work, and next year we have a memoir by him on the absorption 
of vapours by liquids, and another giving an account of experi- 
mental researches on the diffusion of gases, seizing boldly the 
subject as it was left by Dalton and others. 

In the same year we have the nucleus of his work on the 
diffusion of liquids. This I consider to be found in his paper 
'* on the influence of air in deteimining the crystallization of saline 
solutions." 

Whilst he was speculating on laws of liquids, vapours, and gases 
at this time he was also very much occupied with practical ideas, 
and one would almost have expected fi*om his note book to see 
him come forward as a manufacturer, or what is now called a 
Chemical Engineer. Some of his thinking is to be found in 
Chalmerses Journal — referred to in his letters — when it was 
published monthly in small octavo, and even then able to say 
that "from the highest to the lowest, the various ranks of the 
community appear to vie with each other in the acquisition of all 
that in Science and Literature hath a practical bearing on their 
convenience or comfort." In the first number, page 25, we have 
a short article on the great weight of charcoal, signed G., and 
showing some of the remarkable transformations of that element. 
There is also an article on the advantage of copper bolts in 
soldering. 

Another short article is a proposal to use a sand-bath as a cook- 
ing apparatus, an idea that might readily come from a chemical 
student in early days. This seems to have pleased the readers of 
the Journal^ and brought out in number 2 a longer discussion 
of its advantages. He recommends also that ladies should have 
for themselves, outside of the kitchen, a sand-bath for " the more 
delicate and interesting processes, and to present to our country- 
women a fair field for the exertion of their culinary powers, unen- 
cumbered by the coarser details of the art." A drawing is given 
in the third number, and thanks presented for the encouragement 
ho had received. In this number — that is, number 3, page 121. 
May, 1827 — there is an article by Graham on a " Marine Amulet 
or Life-preserver, on a new princii>le." This is the production of 
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carbonic acid in an air-tight bag. The bag may be put round the 
body, and take up so little room as scarcely to be felt or seen, but 
the momeilt it is immersed in water a valve opens, and allows a 
certain amount of water to enter. This enables an amount of 
tartaric acid and soda bi-carbonate to act, and the bag distends, 
A bag capable of holding a gallon, when distended, is filled to the 
extent of one-third in ten seconds by using half an ounce of each 
of the powders. It is worth while giving this more fully. The 
production of buoyancy is a most valuable quality, and if we can 
so apply gases that the act of foundering produces the means of 
elevation, we have gained a great point May this principle not 
be employed to raise sunken vessels ? 

The following is the account given of " The Marine Amulet" in 
Chalmerses Journal of Useful Knowledge and Monthly MisceUany 
of Arts and Sciences ^ 1827. 

"The instantaneous production of a large quantity of air is 
familiar to everyone in the case of mixing the solutions of soda 
powders. Could such an evolution of buoyant gaseous matter be 
made to take place in a proper recipient, and without trouble, upon 
the occurrence of an accident, a life-preserver, correct in principle, 
would be obtained. This principle might be applied in different 
ways, but perhaps the following is the most simple : — 

"A bag of Macintosh's water-proof double cloth, of cotton or silk, 
being procured, and found upon trial to be air-tight, a collar of 
strong and stiff leather may be fixed to the mouth of it. This 
collar should be three or four inches long, and of a flattened con- 
struction, perhaps two inches across in one direction and three- 
fourths of an inch in the other. The open mouth would now be 
closed with a valve or lid, opening inwards. The valve or lid 
would, of course, be as wide as the collar, or two inches by three- 
fourths of an inch. Supposing the bag to be capable of containing 
four quarts, or a gallon, a quantity of the soda powders, amounting 
to half an ounce of each, may be intimately mixed, and introduced 
into the neck of the bag, still dry, by pushing back the valve. 
The apparatus may be then fixed to the person, the empty bag 
stretching across the breast, and the flattened neck or mouth being 
brought out from beneath the waistcoat at the right side, so as to 
be easily got at by the hand should that ever be necessary. As, 
when the apparatus is so arranged, the collar would be in a position 
somewhat oblique, most of the powder would rest upon the interior 
side of the collar, and not press much upon the valve, which would 
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therefore be loose, and probably not altogether shut, although 
sufficiently so to retain the powder. A sudden plunge into the 
water would therefore be unfailingly attended by a considerable 
insinuation of the liquid into the neck of the bag, the valve jrield- 
ing inwards to the stroke. But the moment that water comes in 
contact with the powders they violently react upon each other, pro- 
ducing a copious evolution of incoercible air [carbonic acid gas], 
which would violently press down the valve, and inflate the bag 
with considerable force. We have found by experiment that the 
bag, in such circumstances, is filled with air to the extent of at 
least one-third, which is enough to render a man buoyant within 
ten seconds ; in twenty seconds the bag is more than half-filled, 
and within a minute it is completely filled, and all perceptible 
action at an end. Should a pei-son invested with such a preserver 
be accidentally thrown into water, the air-producing apparatus 
would be brought immediately into action, and the bag forcibly 
inflated, although previously it had been flaccid, and had occupied 
very little space. 

•^ The collar which is appended to the bag, and the valve or lid, 
which are the most important parts of this apparatus, might be con- 
structed of various materials, and of any shape which was found 
most convenient. The most important circumstances to attend 
to are, that the neck or collar be of such materials as would not 
readily collapse or close together from external pressure, and that 
the valve be of considemble size, and such as would admit the 
water with case. Should it be thought advantageous to admit 
more water than has entered at the first rush, the valve could be 
pushed inwards by the hand near it, and more water w^ould enter; 
or, if it was perceived that more air would be produced than waa 
necessary to inflate the bag to its full dimensions, from too great 
a quantity of the powdera being employed, a momentary opening 
of the valve would remove the injurious excess. From the con- 
struction of the apparatus, and the manner in which it is attached 
to the body, it is evident that when in actual use in the water, 
the inflated bag would rise and maintain a superior position, 
while the collar ajid valve would be constantly under water — an 
arrangement which would secure the retention of the air in the 
]>ag. The air, too, within the bag would not be in immediate 
contact with the valve, which would be protected and made 
certainly air-tight Ijy the water which had entered and induced 
the action." 
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At this point it is remarkable how varied was the action of 
Graham's mind, both in practical and theoretical Chemistry. But, 
perhaps, chemists are, by the nature of their studies, driven to a 
greater variety of subjects than most other men. It may be 
interesting, however, to remark, that we find in the note-book, 
1827-1828, reasoning on— 

Nitrification, ... ... ... page 1. 

Sulphuric Acid, ... ... 16. 

Steam ... ... ... ... 25. 

Steam-engines — Cylinder — Piston. 
Steel Pens. 
Miscibility of Gases. 

On this point, his note-book contains the following at page 144 — 
" Dalton's theory, of the tendency of gases to mix with each other, 
that they are vacua to each other, is faulty, as it would occasion 
an instantaneous and complete mixture, which certainly does not 
take place, and I have shown previously that cold could be produced 
on mixture as a necessary effect of Dalton's supposition, which I 
have found on trial not to be the case. The gases must, therefore, 
actually press against each other. Aqueous vapour in the atmo- 
sphere must be pressed upon, and be really as dense as the 
atmosphere. 

Suppose a vacuum made in the receiver of an air pump, as 
nearly perfect as possible. Admit a little water, the vacuum 
would be filled completely with aqueous vapour of light tension, 
upon admitting air into the vacuum, the first effect would be to 
drive the aqueous vapour before it, compress and condense it. If 
the bottom of the receiver was not dry, aqueous vapours would 
rise without the artificial introduction of water, and it is probably 
the condensation of such vapours which occasions the haziness 
often observed on the entrance of air. This, of course, is quite 
contrary to Mr. Dal ton's theory of vacua." 

It is interesting to see one of his earliest private thoughts on 
this subject, but, also curious to find that he, like many others, 
had not entered fully into Dalton's mind on the subject. Dalton 
never doubted that one gas could drive forward another, as a rod 
of pine would drive forward a rod of oak if pressure were suitably 
applied, although, at the same time, he never could clearly express 
the mystical relationship which he supposed each gas to have to 
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the particles of its own kind. Graham too had not made clear to 
himself at this time the distinction between specific gravity and 
tension. 

The same note-book speaks of Phosphates, Iodides of Carbon, 
Alcohates, Salts of Magnesia, Atomic weights, and Combining 
Volumes. I think he must have been early on this subject. 
Then we have the absorption of salts from solution, evaporation 
of saline solutions, water of crystallization, a subject on which he 
spent much time; Howard's patent for sugar boiling, Ferkiu's 
ideas of steam, and a plan for an Academy of Science, with some 
other discussions. 

When Graham came to Glasgow, in 1830, to lecture at the 
Andersonian University, after he had been some time in Edin- 
burgh, there was a good deal of interest excited about him, and I 
fancy this was felt more by the boys than the general population. 
I was told by a boy, now pretty far advanced in years, that a 
wonderful young man had appeai-ed, one who, although only 
nineteen years old, had still a gi-eat i-eputation. I went to hear 
one or two of his popular lectures, and I remember his looks well. 
He might have been taken for nineteen, but, in reality, he was 
twenty-five when ho first lectured at the Andersonian. He had the 
same quiet, rather stiff, and hesitating manner which he never 
lost. He did not cause enthusiasm by brilliancy of address, but 
a certain reserve and a certain feeling of power, as well as of 
ambition, which his letters pix)ve to have been strong in him, so 
acted on his demeanour, that students became attracted, and were 
ready to work beside him and devote themselves also to his service. 
Amongst these was James Young, of paraffin oil celebrity, who, 
from a student, became an assistant, and played a part in the 
industrial world which was not less remarkable than his teacher's 
part in the scientific. I remember hearing him also spoken of as 
a very wonderful indi\adual, but I remember little more, as he 
stands out before me, chieily as a head sufiiciently i*ed and un- 
combed, by no means like the smooth yellow hair of his middle 
a*^o, or the venemblo white of his lat^r years. 

When Graliam first lectured here, it was certainly to an audience 
ready in interest, a Mechanics' Institute had been formed some 
years before, and the University was proud of Dr. ThomsoiL Dr. 
Urc, a man of great mental activity and power, a man who might 
have been a force in Europe, preceded him in the Andersonian, 
but lost his position by attending too much to his interest It 
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was pleasant to find a young man who took an interest in young 
people. I well remember how far the sympathy went. One of 
my playmates, Edward Craig, became a small walking laboratory, 
his waiscoat pockets had each a range of several small vials. He 
had no test tubes, beakers, or basins, he asked us to put out our 
hand and to make it as hollow as possible. Into these '< loofs '' he 
poured his solutions, made precipitates, solutions and smells. That 
boy made more than one chemist; he himself did not continue the 
subject, but next year had his pockets full of abridgements of 
Locke, Bacon, and others, and on these he raised many discussions. 
Nothing came of Edward Craig, he had too little ambition in 
any direction. This was a little offshoot from the scientific 
schools. 

Graham's direct influence was exercised in a manner which I 
rather think may be called quite new. I incline to call him the 
founder of the practical system of teaching Chemistry, at least in 
this country. Liebig was two years older, and opened his Giessen 
Laboratory in 1826; Graham began his very naturally, and not by 
imitation. His pupils wanted work,, and he gave them his to 
do. He early got into a very languid mode of life, owing to 
simple constitutional want of elasticity. The work on water of 
crystallization was all done in these early days at the Andersonian, 
whilst Graham himself sat looking at the fire in weather not at 
all wet or cold, too languid even to look at the experiments. But 
the cause of this was partly mental. He was often in great straits 
for want of money. Once he required a silver crucible to make 
some experiments for a commercial firm, but he could not buy one 
and he was refused credit. In that Laboratory were taught some 
chemists of which Glasgow might be proud. Dr. Stenhouse, who 
lately died, may be mentioned first, as a man of great force of 
character and wonderful energy, who has left numerous results 
of his shrewd enquiries in botanical chemistry. Sir Lyon Playfair 
and Dr. Gilbert being still in full vigour, I shall only allude to 
tliem ; the same may be said of Mr. John Thom of Chorley, who 
in reality did the experiments which based the theories of consti- 
tutional and saline water. The Griffins made a departure in 
another direction of no small advantage to the community, and 
the family still continues their important services to chemists. 
Crum and Harvey are still great manufacturing names in Glasgow. 
These names first showed themselves as attached to chemists in 
Graham's Laboratory. Blyth and Thom still hold their ground as 
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great manufacturing names in Lancashire, and promise to continue 
to flourish. 

As a scientific man, his claims were never disputed; he was not 
called to assert his position, and he remained the undisputed head 
of his department. He received in early life (1834) the Keith 
Medal of the Royal Society of Edinburgh, and the Eoyal Medal 
of the Royal Society in 1838, and in 1862 the Copley Medal. He 
was made a Doctor of Civil Law of Oxford, Honorary Member of 
the Royal Society of Edinburgh, Corresponding Member of the 
French Institute and of the Academies of Berlin and Mimich, and 
of the National Institute of Washington. His election into the 
Royal Society was in 1836. 

In 1841, in concert with some friends, he formed the Chemical 
Society of London, and was elected its first President 

Graham's Chemical and Physical Researches: an Abridqmsnt 
OP Thomas Graham's Work, containing an Abstract op 
ALL iiis Papers. 

GASES. 

/. — Absorption of Gases hy Liquids — 18Q6. 

From ** Annals of Philosophy," xii., 1826, pp. 69-74. 

Liquids miscible in all degrees, as alcohol and water; or in limited 
degrees, as ether and water. Some mixtures exhibit chemical 
union. Water impairs the volatility of alcohol. Gases may be 
considered volatilized liquids, and such bodies may have the common 
properties of liquids. 

It is assumed then that gases liquefied by pressure or other 
means will mix with liquids in some proportion. Sulphuric acid, 
at boiling, or 600* F. (316* C), will liquefy steam 'of the same 
temperature, although it would require to pass down to boiling 
point to be condensed. Gases may owe their absorbability to 
their capability of being liquefied. 

Gases already liquefied, by Faraday, easily absorbed. 

The sp. gr. of the liquids formed, and of their solutions, are 
confirmatory. Dr. Henry's law, that absorption is directly pro- 
portional to pressure at variance, ex. gr., in muriatic acid, but 
may be approximately true when absorption is small. 

By diminishing temperature we diminish the absorption of a 
gas, not in the same but in much greater proportion. Amount 
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of gas absorbed by a liquid depends on the gaseous residue or 
amount of gas exposed to the liquid. This is deducible from the 
gases l^eing liquefied. Analogous instances occur with liquids. 

Finally, absorption of gases is in the same class as miscibility of 
liquids. 

//. — On tlie Finite Extent of the Atmosphere — 1827, 

From ** Philosophical Magazine and Annals of Philosophy," i., 1827, 

pp. 107-109. 

Wollaston's opinion that the limit of the atmosphere would be 
arrived at on mechanical principles. Faraday's illustration. But 
it may be that by being cooled down to 284^ 0. it becomes liquid 
or solid. If the air cools 1 degree for 300 feet it will lose its 
elasticity at 27*27 miles, and temperature occasion a limit to 
diffusion. 



///. — Longchamps^ Tlieory of Nitrification^ with an extension of 

it— 1827. 

From ^'Philosophical Magazine and Annals of Philosophy," i., 1827, 

pp. 172-180. 

Reason to doubt Glauber's theory, the prevailing one, that 
" saltpetre is formed by the decomposition of mineral and vege- 
table substances.'' 

The solution of lime, by the free carbonic acid of the air, enables 
the oxygen and azote to act on each other more effectually. 

IV, — Experiments on the Absorption of Vapours by Liquids — 1828. 

From **Edin. Joum. of Science," xvi., 1828, pp. 326-335 ("Schweigger 
Journ.," liii. (Jahrb. xxiii.), 1828, pp. 249-264). 

Saturated solution of chloride of sodium absorbs water in a 
position where water evaporates, and where the crystals do not 
deliquesce, at 57' F., 14' C. 

Saturated solution of muriate of ammonia and sulphate of 
magnesia. 

Water lost 23 grains. A solution of chloride of sodium, 1 in 
4 of water, gained 39 grains. Carbonate of potash, 1 in 4 o€ 

Vol. XV. x 



322 Philosophical Society of Glasgow, 

water, gained 6 '5. Table of gain of water iu six days, and in 
fourteen days in 10 solutions of salts. Not only deliquescent, 
but even efflorescent salts, absorb water when in solution, saturated 
solutions being used, except in the case of carbonate of potasli and 
chloride of calcium. 

All saline solutions just as readily inhale as exhale vapours, 
according to the atmosphere. Column of boiling points. Index 
of the invaporating powers of the solutions. Liquids i?ivaporate 
when they take in vapour, and evaporate when they give it out. 
Gain in five days with chloride of sodium. Loss with sea water. 

Examples of solutions which boil at the same point. Absorp- 
tion of water by muriatic acid, at temperature not above 65' 
(IS"* C.) giving out acid and absorbing vapour till the strength 
is 1 -0960. 

Sulphuric acid absorbs the vapour of alcohol. 

Absorption of alcohol vapour by camphor. 

Absoi'ption of carbonate of ammonia. Passage of dry sub- 
carbonate into water. 

V. — On the hijluenco of Air in determining the Crystallization 

of Saline Solntiojis — IS2S. 

From "EcUn. Roy. Soc. Traus.," xi., 1831, pp. 114-118, Author's Reprint 
(" Phil. Mag.," iv., 1828, pp. 215-218 ; ** SiUimann Joum.," xvii., 1830, 
pp. 373-374). 

Various opinions. Solutions of Glaubers salts might be kept 
in tubes inverted over mercury in a trough without crystallizing, 
if the mercury were heated first, and the whole allowed to cool 
gradually. 

Sometimes solutions did not ciystallize by introducing a bubble 
of air, at temperature not exceeding 150"* or ITOT. ; in all suc- 
cessful cases crystallization commenced around the bubble of air. 
Effect may be by absorbing air, the smallest increase causing a 
change in -saturated solutions. The most absorbable gases had 
the greatest effect. 

Ammonia and sulphurous acid act vigorously. Hydrogen, 
less influential than common air. Minute quantities of foreign 
liquids, soluble in water, act well. The solution does not expand 
as water does in freezing. Elxpansion, temporary, caused by rise 
of temperature of 20''— 30'F. (IT— 17X\). 
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VL — A Short Account of ExpeAnient<il Researches on the Dif- 
fusion of Gases throiigh each other, and their Separation by 
MecJianical Means — 1828. 

From '* Quart. Jouni. of Science," ii., 1829, pp. 74-83 (" Poggend. Annal.,*' 
x\'il, 1829, pp. 341-347; "Schweigger Joiirn.," Ivii. (Jahrb. xxWi.), 
1829, pp. 215-227). 

Law that gases diffuse, developed by Dal ton. Bertbollet*s 
results. Diffusion of the different ga.ses into atmospheric air. 

Evident that the diffusion of gases is inversely as some function 
of their density — apparently the square root. Difiusion of mixed 
gases into atmospheric air. 

Of mixed gases, the more diffusive gas leaves the receiver in 
greater proportion than in solitary diffusion, and the less diffusive 
in less proportion than in its solitary diffusion. 

By taking advantage of diffusion a light gas may bo eliminated 
from others by a species of rectification — so of a denser gas by a 
converse method. 

Diffusion of gases into other atmospheres than common air. 
ftlxamples — hydrogen and olefiant gas, etc. 

§5. Concentration of alcohol by spontaneous evaporation of 
water. It is conceivable that imperceptible pores or orifices of 
excessive minuteness may be altogetlier impassable (by diffusion) 
by gases of low diffusive power, that is, by dense gases, and 
passable only by gases of a certain diffusive energy. 

VIL — Observations on the Oxidation of Phospliorus — 1829, 

From "Quart. Journ. of Science," ii., 1829, pp. 83-88 (*' Poggend. AnnaL,'* 
xvii., 1829, pp. 375-380; "Schweigger Journ.," Ivii. (Jahrb. xxvii.), 
1829, pp. 230-240). 

Some curious properties of phosphorus mentioned. The presence 
of a minute quantity of certain gases and vapours entirely prevents 
the usual action of phosphorus upon the oxygen of common air. 

1^15 ^^ olefiant gas in common air, in July and August, prevented 
the smallest oxidation over water. With -^^^ of olefiant gas in 
three months the phosphorus never became luminous. Essential 
oils prevent luminosity, so also 4 per cent of chlorine in the 
surrounding medium, also 20 of sulphuretted hydrogen. Alcohol 
also at about 80^. Not so vapours from camphor, sulphur, iodiwft.^ 
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benzoic acid, carbonate of ammonia, iodide of carbon, at 67^. 
Muriatic acid increases, nitric acid diminishes it. Phosphorus 
therefore cannot take oxygen from mixtures of olefiant gas. 

In 1 of air and 1 of olefiant gas, luminosity begins at 200* F; 
3 of air and 2 of ether vapour, luminosity begins at 215"; 111 
of air to 1 of naphtha, at 170°; 166 of air and 1 of vapour of 
turpentine, at 186°. Luminous in air, with 50 per cent, olefiant 
gas under pressure of half-an-inch of mercury. Table of lumi- 
nosity at different pressures and proportions. 

Potassium oxidation retarded by vapour of ether or olefiant 
gas. Perhaps allied to the property olefiant gas has of preventing 
explosion of hydrogen and oxygen. 

VIII. — Notice of the Sitigular Inflation of a Bladder — 1829. 

From ** Quart. Journ. of Science," ii., 1829, pp. 88, 89 ( ' * Schweigger 
Joum.," Ivii. (Jahrb. xxvii.), 1829, pp. 227-229). 

A bladder tilled with coal gas became inflated in carbonic acid 
gas standing over water. 

The outer portion of the bladder would b6 moist and absorb car- 
bonic acid. The water would pass the bladder, and the carbonic 
acid would evaporate within it, as nothing, but the presence of car- 
bonic acid within could prevent the disengagement of that gas. 

IX. — On the apjylication of Spongy Platinum to Eudiometry — 1829. 

From "Quart. Journ. of Science," ii., 1829, pp. 354-359 ("Erdm. Journ. 

Tech. Chem.," viii., 1830, pp. 20-27). 

Olefiant gas, which had been found to prevent the oxidation 
of hydrogen and oxygen, was found to lose this power when 
sedulously washed with caustic potash. Then the ball with 
platinum acts in a few minutes, and the heat is so great that 
some of the olefiant gas is oxidized, and carbonic acid always 
appears. The same with vapours of naphtha and essential oils. 
With sulphuretted hydrogen the latter gas only oxidized, and 
little of the free hydrogen. Sulphurous acid also hinders the 
oxidation of free hydrogen. The action of these gases is there- 
fore unlike the action of the same gases and vapours in protecting 
phosphorus from oxidation. The action not influenced by 
\ diminishing barometric pressure. 
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X, — On the Law of the Diffusion of Gases — 1838. 

From ".Phil. Mag.," ii., 1833, pp. 175-190, 269 276, 351-358 ("Poggend. 
Annal," xxvUi., 1833, pp. 331-358; "Edin. Roy. Soc. Trans.," xii., 
1834, pp. 222-258). 

The object is to establish with numerical exactness the following 
law of the difiusion of gases. *' The diffusion or spontaneous 
intermixture of two gases in contact is effected by an interchange 
of position of indefinitely minute volumes of the gases, which 
volumes are not necessarily of equal magnitude, being in the case 
of each gas, inversely proportional to the square root of the 
density of that gas." 

The volumes may be called equivalent volumes of diffusion: — 
air, 1; hydrogen, 3*7947; carburetted hydrogen, 1*3414; water 
vapour, 1*2649; nitrogen, 1*0140; oxygen, 0*9487; carbonic acid, 
0*8091 ; chlorine, 0*6325. Gases being separated by a screen, with 
apertures of insensible magnitude, the interchange of " equivalent 
volumes of difiusion'' is effected by a force of the highest intensity: 
if the gases are of unequal density, there is an accumulation on 
the side of the heavy gas. The process of exchange continues 
till both sides are equalized. Doebereiner's explanation, viz., the 
capillary action of the fissure in the case of a broken jar, is im- 
probable; hydrogen is condensed and absorbed by porous bodies, 
according to Saussure, with greatest difficulty, and we have no 
reason to suppose that its particles are smaller than those of other 
gases. When hydrogen escapes air always enters. 

Better than broken jars are Wedge wood stoneware tubes un- 
glazed. But these are superseded by gypsum. 

A diffusion-tube — a glass tube open at one end, and with a plug 
of gypsum at the other, was filled with hydrogen, over mercury, 
when that liquid rose 2 inches in three minutes ; with water it is 
striking, the rise in a tube 14 inches long is 6 to 8 inches in as 
many minutes. 

Amount of five gases absorbed in the pores of the stucco — 
oxygen hydrogen, nitrogen, carbonic oxide, olefiant gas, and coal 
gas, not in sensible proportions. Vacuity of the stucco one-third 
of the volume. Experiments on the diffusion of hydrogen in the 
air. Wet and parched plugs of stucco. Some anomaly in the 
action of hydrogen. 

The more compact and dense plugs are the best. When the 
plug is lose, the return of air is notably diminished in the case of 
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hydrogen. Passage of gases into vaciuuu in time through a stucco 
plug, not in direct pi-oportion to pressure. 

Tables of the times. The kind of gas in the receiver did not 
alter the velocity with which hydrogen entered under a certain 
pressure. 

Dry sound corks answer well as a substitute for stucco-plugs. 
This passage of hydrogen is against Dalton's opinion that one gas 
is vacuum to another. Diffusion of carbonic acid. The gas 
confined over a solution of common salt. 

Chlorine, Sulphurous acid, protoxide of nitrogen, Cyanogen. 

Muriatic acid, ammoniacal gas, sulphuretted hydrogen. 

Oxygen, Nitrogen, defiant gases, carbonic oxide. 

Carburetted hydrogen of marshes. General table. In the 
volumes of oxygen, nitrogen, and carbonic oxide, theory and 
experiment agree as closely as could be desired. 

Density of any gas diffused into air, both being in the same 
state as to aqueous vapour, is obtained by the formula D = 
(A)3 where G is the volume of the gas diffused, and A the returned 
air. It is possible to come within 100th part of the specific gravity 
by operatmg on a cubic inch of gas. 

Nitrogen and carbonic oxide diffuse without any contraction on 
either side. Same density. Inequality of density not essential 
requisite in diffusion. Plugs not used for some days did not 
difiiuse. Hydrogen opened a passage in a few minutes, and they 
went on as before. Heat also restored the action; dust the cause 
of stoppage. Evaporation may be explained on the principle of 
diffusion. 

Mechanism of respiration. Cai'bonic acid being carried out from 
the air-cells, oxygen is carried in. 

Heavy carbonic acid exchanged for a larger amount of oxygen, 
and may explain inflation of the minute tubes. To insect respir- 
ation most distinctly perceived applicable. Diflusion takes place 
by interchange of position of indefinitely minute volumes of the 
gas, not between sensible masses. The law not pi-ovided for in the 
corpuscular philosophy of the day. Supplementary observations 
on the law of diflusion of gases. 

Some gases mix more rapidly than others, still keeping in 
conformity with the law. Tliis is connected, in the case of 
hydrogen, with the apparent deviation from the law of diffusion, 
mentioned p. 53. It is there shown that more hydrogen passes 
out tJian the exact quantity proportional to the return air. 
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XI. — On Phosphuretted Ilydrogen — 1835. 

From '*Ediu. Koy. Soc. Trans./' xiii., 1835, pp. 88-106 ("Phil. Mag.'^., 
1834, pp. 401-415; «*Erdm. Jourii. Prak. Chom.," iii., 1834, pp. 
400-410). 

Spontaneously inflammable, prepai'ed by heating phosphorous, 
lime, and water; not spontaneously inflammable when allowed to 
stand over water 24 hours, or when made by heating hydrated 
phosphorous acid. The peculiarity attributable to something 
adventitious. Not free phosphorus presumably, because that is 
less accendiblo than the hydrogen comix)und. Loss of accendibility 
over water caused by rise of oxygen from air in the water. Free 
hydrogen unexpectedly rendered the gas sclf-accendible, but not if 
quite pui-c. 

Caused by nitrous acid vapour. 

Spontaniety destroyed by charcoal, caustic potash, — phosphorous 
acid, strong arsenic acid, essential oils, and most hydrocarburets, 
alcohol, olefiant gas slowly and potassium. 

Spontaneous action restored l>y small quantities of nitrous acid, 
not by a large amount, between 1 and 10 to 10,000 of phosphuretted 
hydrogen. 

Nitric oxide acts only when nitrous acid is in it. 

In the reaction there is a spontaneous formation of compounds 
of phosphorus and oxygen. 

The gas obtained by ordinaiy processes jnobably owes its 
peculiarity to a minute trace of such a compound, analogous to 
nitrous acid. 

XII, — On a New Property of Gases — 1840. 

From Report of Brit. Assoc, for the Advancement of iScience, 1845 

(Partii.), p. 28. 

The passage of gases into a vacuum. Speed of effusion. 
Proposal to find the density by spceil of ett'usion. Passage of 
gases through porous bodies, called transpiration. Air more rapid 
than oxygen. Carbonic acid more rapid also, and under low 
pressure more iiipid than air. 

XIIL — On the Composition of the Fire-damp of the Newcastle 

Coal Mines — 18^0. 

From Memoirs of Chcm. Society, iii., 1845-48, pp. 7-10. 

Only carburetted hydrogen, nitrogen, and oxygen found. The 
power of resisting oxidation remarkable in light carburetted 
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hydrogen; cause of its being found in coal mines. Resists the 
action of platinum black, but permits other gases to be oxidated. 



XJV.—On Vie Motion of Gases, Part I.-^lSIfi, 
From Phil. Trans, iv., 1846, pp. 673-632; ii., 1849, pp. 349-362. 

Necessary to keep apart the phenomena of the passage of a gas 
through a small aperture in a thin plate, and its passage through 
a tube of sensible length. Bate of discharge independent of the 
material of the tube. 

Rate of discharge of gases by tubes has no uniform relation to 
the density of the gases. Passage of gas through a thin plate. 
Efl^sion tube. Transpiration. 

Part 1. — Effusion of Gases. — Effusion of hydrogen into a 
vacuum by a glass jet 

Effusion of oxygen and nitrogen ; of carbonic oxide ; of car- 
buretted hydrogen of marsh gas. 

Effusion of carbonic acid and nitrous oxide; of olefiant 
gas. 

Effusion into a vacuum by a perforated brass plate A, with 
results. Different gases pass through minute apertures into a 
vacuum in times which are as the square roots of their specific 
gravities. For a proper effect the plate ought to have no sensible 
thickness. 

Tubularity of the opening quickens the passage of carbonic acid 
and nitrous oxide in reference to air, they being more transpirable 
and less diffusive than air. Effusion of nitrogen and oxygen, and 
of mixtures of these gases under different pressures, by a second 
perforated brass tube B. 

Table of effusion of air, nitrogen, oxygen, and mixture. 

Efinsion of air, carbonic acid, oxygen, and mixture, at different 
pi'essures, by plate B. 

Effusion of carbonic acid, air, and of mixtures of carbonic acid 
and air, at different pressures, by plate B. 

Effusion of mixtures containing hydrogen. 

Effusion into a sustained vacuum by platinimi plate E. 

Effusion of air of different elasticities or densities by brass plate 
B. The effusion time of air of two atmospheres falls below that 
of air of one atmosphere. 

Effusion of air of different temperatures by plate F. 
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EfBisive time of air of different temperatures is proportional to 
the square root of its density at each temperature. Moist air, 
great effect in opening fissures. 

Part 2. — Transpiration of Gases. — Transpiration of air of 
different densities or elasticities by a glass capillary tube E. 

For equal volumes of air of different densities the times of 
transpiration are inversely as the densities. Transpiration of air 
of different temperatures. 

Preliminary experiments on the transpiration of different gases 
by capillary A. 

Preliminary experiments on the transpiration of different gases 
by capillary B. 

Preliminary experiments on the transpiration of different gases 
by capillary C, 1 inch long. 

Preliminary experiments on the transpiration of different gases 
by capillary C, 2 inches long. 

Preliminary experiments on the transpimtion of different gases 
by capillary C, 4 inches long. 

Transpiration by capillary H, 22 feet long, of glass, into vessels 
of different sizes. 

Transpiration by capillary H with cupi^ed ends. By cupping 
the end of ingress the passage of air became slender in the propor- 
tion of 509 to 496 ; cupping the egress caused no further change, 
pressure being between 28-5 and 23*5 inches. 

Transpiration of different gases by a capillary tube of copper ; 
tube, 11 feet 8 inches; diameter, 0*0114 inch. 

Transpiration of different gases by a glass capillary E. This 
was 20 feet long and 00187 inch diameter. 

All these tubes gave the same co-efficient of transpiration to 
each gas. 

A certain length of tube most favourable. 

A certain interference supposed to depend on friction. 

Theory of transpirability, that it is a kind of elasticity, depend- 
ing upon the absolute quantity of heat, latent as well as sensible, 
and more immediately connected with specific heat than any other 
property of gases. 

Transpiration of olefiant gas. 

Transpiration of nitrous oxide. 

Transpiration of sulphuretted hydrogen. 

Conclusions drawn from Tables XLII. to LV. 

Tables of the observed transpiration of gaseous mixtures. 
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X V, —On th e Motion of Gases. Part II. —IS^K 

From Phil. Trans., 1849, pp. 349-392. 

The velocities of gases attain a particular ratio with a certain 
length of tube and resistance. After attahiing this the passage of 
of gases become slower. 

Transpiration velocity of hydi^ogen double that of nitrogen ; that 
of carbonic oxide and nitrogen the same. Velocity of nitrogen 
and oxygen invei-se to the densities, equal weights and not equal 
volumes being transpired. 

Pomts demanding attention. Capillary tubes for transpiration. 

Ti*anspiration by capillary H reduced to 237 '875 inches. 
Transpiration of equal volumes by capillary H of different lengths. 

Transpiration of all gases does not become normal for the same 
length of tube or resistance. 

Use of a thermometer tube of line flat bore, capillary K, -52^- 
iuches. 

K shortened to 39 '3 7 5 inches. 

26-25 

13-125 „ 
B-75 

6-4375 „ 
4-3125 ., 

Use of capillary M 52^ inches thermometer, tube as above, bore 
cylindrical. K and M have 50 times the resistance of E and H 
capillaries of extreme resistance recommended. 

Capillary P, a compound one, formed of 30 capillary tubes each 
4 inches in length, in a sheaf 400 times the resistance of K and 
M. Gases compressed instead of being drawn into a vacuum. 

Results obtained by this sheaf of capillaries of extreme resistance 
the most uniform of all. 

In carbonic acid the carbon gives velocity to the oxygen, showing 
the important chemical bearing of transpirability. 

Transpiration of various gases and vapours : — 

Protocarburctted hydrogen. 

defiant gas. 

Ammonia. 

Cyanogen. Hydrocyanic acid. 

Hydrosulphuric acid. 

JBi-8u]/)hidc of carbon. Sulphurous acid. 
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Ether. 
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AIodIk^ lapLtiia jlxmI ocoi gia^. 

Transiaration of air <^ diferent den&itie^ or eksiicities. 
Tnmspintion of mir and other gssn at different temperatures, 
Tniu|MimQoii of eiqual rolumes at different temperatures. 
Tnun^Mimtion <d air nn'Jer presBore (into air) at different tern- 
lieratures;. 

General results of the inquiiy. 



A' VL—On tkt Molecular Mobility of O'a^e^—lS^J, 

From PliiL Train., 1863, pp- 3&5-4a5 (•* Chemical News," viu., 18t», 
pp. 79-81; "PandComptesReiidafi,"l\-ii., 1S63, pp. 1SM92; **Phai- 
maceut. Jouro.," v.. ISW. pp. 1G6-171 : •'Poggendorf Amial., cix., 
1SC3, pp. 41.3-425V 

The passage of gases under pressure through a thin porous plati* 
or septum. 

Description of the graphite diffusiometer. Poises so small that 
molecules only can pass, not gases in mass. Sole motive agency, 
the intestine movement of molecides. The hypothesis of tiie 
movement of gaseous particles, by Bernoulli, i*evivoil in recent 
times by J. Uerapath. 

The passage of gas through u graphite plate agrees witli the 
times of diffusion, not of transpiration. 

Ditiusion tube with pressuro of 100 nims. of mercury. 

Diffusion tube described to obtain a torricellian vacuum. 

Movement through graphite and stucco plates. 

Stucco under pressure gives mixed diffusion and capillary tmn 
spiration. Movement through biscuit waiv. 

Passage through graphite closely proiH)rtionul to prcssuiv. 
Passage of a mixture of air and hydrogen. 

Time neither diffusion nor tnvuspiration. Uixh altered in 
composition. Each gas im^jelled by its own molecular force. 
Separation is a consequcuco of the movement being molecular. 
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Permeation through the graphite plate into a vacuum, and the 
diffusion into a gaseous atmosphere due to the same inherent 
mobility of the gaseous molecule. The dif^sive mobility is a 
property of matter fundamental in its nature. 

The physical basis is the molecular mobility. 

Diffusion of mixed gases into a vacuum with partial separation 
— Atmolysis. 

Oxygen and hydrogen, amount of separation in proportion to 
the pressure. 

Oxygen and nitix)gen, separation of. 

All porous masses will have some effect in separating mixed 
gases. The tube atmolyser — a clay tube within a glass or metal 
one to increase rapidity. 

Separation of oxygen from hydrogen and nitrogen. 

Interdiffusion of gases — double diffusion. Remarks on Bunsen's 
results. 

Interdiffusion without an intervening septum. 

A portion of carbonic acid travelled at an average rate of 73 
millimetres per minute, of hydrogen a third of a metre in one 
minute. 

XVII, — On the Absorption and Dialytic Sepa/ration of Gases by 

Colloid Septa. 

From "Phil. Trans.," 1866, pp. 399-439. 

Part I. — Action of a Septum of Caoutchouc — Dr. Mitchell's 
experiments. 

Important to remember the complete suspension of the gaseous 
function during the transit through the colloid membrane. 

Passage of gases through caoutchouc. 

The relation not that of diffusion. The first absorption of the 
gas by the rubber must depend on a kind of chemical affinity. 

A film of caoutchouc has no porosity, and resembles a film of 
liquid in its relation to gases. 

Liquids and Colloids have an unbroken texture, and afford no 
opportunity for gaseous diffusion. 

Penetration of varnished silk. 

Absorption of gases by a block of caoutchouc. Dialytic 
separation of oxygen from atmospheric air (1) by means of other 
gases; (2) by means of a vacuum. 
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Di&ljtic action of caoatchouc in variooB fonoR. 

Dialjtic action of silk cloth, Tanufihed with caoatchonc on one 
side, slight] J mlcanized. 

Peroolation of air throagh gutta-percha and other sejita. 

Part IL — Action of Metallic Septa at a R*^ H'lat. 

Platinum porositj when heated. DCTill'-. 

Platimim tube 1*1 miUnL in tLicknefw. Not fifrrrrieablf; to 
hydrogen till of a red heat, and then more j>r-n/j"ab]rr than 
caoutchouc. Is the difierenoe of teirj jieralure ih^. caus/r '' 

Heated platinum, with oxrgen and nitrogen, not seniiibly 
permeable. Carbonic acid penetration incalculaLlj &ma1L 

Heated platinum, with chlorine, not sensiblv penetrating. 
Hydrochloric acid do., vapour of water do., ammonia da Carbonic 
ojdde, marsh gas, and oleflant g^ not penetrating. 

Hydrosulphuric acid not f penetrating. Table of above results. 

Absorption and detention of hydrogen by platinum. 

A nem- jiTOperty in platinum to absorb and retain hydroiren 
at a red heat, occlusion of hydrogen 3-79 vols, for wrouirht 
platinuii.. 

Palla/iiuiii. 

Occlusion of hydrogen 043*.*i vols. Hydrogen aWorUsi nt 
natural teuiperature in vacuo. 

Action of the occluded hydrogen on salts. 

Palladiuiu, iis absoq>tive power for liquids. Alloy of silv^^r and 
palladium. 

Concluidoii/s regarding the absorption by [jialladiuu). Hydrogen 
taken up as a volatile liquid. 

Separation of pui-e hydrogen from a jraseous uiixtun?. Pftsaa^ 
of ether through palladium. 

Speculations on the pores of metals, and the excess obtaiue^l in 
the diffusive coefficient of hydrogen, caused by a small amount of 
liquefaction. Osmium iridium, no absorbent power. This is con- 
sistent with its crybtalline character. 

Coj>pcr— occlud^^ 0300 vol hydrogen- Gold— occlusion of 
nitrogen, oxygen, carlx^nic acid and oxide, hydrogen. 

Silver — oc^^lusion of a*x;ve gasea. 

Iron — i>enetration by hydrogen. 

By carix>nic oxi/Jo i'\U voI«. Acieration and carbonic oxide. 
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XVIII, — On il^ occlunoH of Hydrogen by Meteoric Iran — 

1807, 

From Proceedings of the Royal Society, vol. xv., p. 502, May 16, 1867; 
**Compte8 Rendus," May 27, 1867, vol. Ixiv., p. 1067; "Poggendorfs 
Annal.," vol. cxxxl (1867), p. 151. 

That of Lenarto yielded 2-85 vols, of gas, with 86 per cent, of 
hydrogen. 

JilX. — On the occlusion of Hydrogen Gas by Metals — 1868, 

From Proceedings of the Royal Society, June 11, 1868, vol. xvi., p. 422; 
(" Comptes Rendus," May 25, 1868, vol. Ixvi., p. 1014; ** Archivesdes 
Sciences," June 1868, vol. xxxii., p. 148; '* Annales de Chemie et dc 
Physique (4)," vol. xiv., p. 315; ** Poggendorf s Annal," vol. cxxxiv., 
1868, p. 321; " Philosophical Magazine (4)," vol. xxxvi., p. 63. 

A thin plate of palladium in contact with zinc which is giving 
off hydrogen in sulphuric acid occludes that gas. Still more, when 
the plate is the negative electix)de to a Bunsen battery of six cells. 
This gas is not given out in a vacuum, it is taken out by heat, or 
by reversing the position of the palladium in the cell, and evolving 
oxygen on the surface. 

Palladium charged with hydrogen apt to heat spontaneously in 
the air. 

Platinum charged with hydrogen by voltaic action. Soft iron 
occluded 0*67 vols. hydi*ogen. 

Explanation by the electro-chemical theory. 

Precipitated palladium occluding 982 14 vols, of hydrogen. 

Penetration by hydrogen and carbonic acid. Liquid diffusion 
explains the passage of hydrogen through a soft colloid metal. 

" Solution affinity " of metals confined to hydrogen and carbonic 
oxide. 

XX. — On the Relation of Hydrogen to Palladinm, and on 

Hydrogenium — 18G9. 

From Proceedings of the Royal Society, vol. xvii., pp. 212, 500, Jan. 14, 
1869; •* Comptes Rendus," Jan. 18 and June 28, 1869, vol. Ixviii., 
pp. 101, 1511; *'Annalc8 de Chemie et dc Physique (4)," vol. xvi., 
p. 188; ** Chemical News," vol. xix., p. 478; **Berichte der dentschen 
chemischen Gesellschaft (No. 2)," 1869; "Annalcn der Chemie," vol. 
clii., p. 168; *' Philosophical Magazine," December 1869; *'Poggcn- 
dorf 8 Annalen der Physik," vol. cxxxviii. (1860), p. 49. 

Properties of occluded hydrogen, which if metallic would have 
to he called hjdrogenium. Palladium charged with hydrogen is 
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lowered in density. Emits bubbles when in water, so that the 
density is obtained best by measurement and calculation. 

A piece of palladium wire 609*144 millims. long, charged with 
936 vols, of hydrogen, was increased to 618*932 millims., showing 
increase of 9*778 millims. (or 23*982 inches gained 0*385 in.), 
increa.se in len^irth 100 to 101*605, and in cubic capacity from 100 
to 104*908. 

Alloy:— Palladium 95*32. 

Hydrogeniuui 4*68. 

100* giving density of hydrogeniuui 1*708, 

The palladium wire lost when heated 9*7 millims. below original 
length: gravity less: length only was contracted. jVtobility of 
metallic particles. Combustion of the wire. Another experiment, 
hydrogenium 1*898 specific gravity, and a tliird 1*977. 

Further tnals, highest number 2*055, retraction of the wire 
continues in four experiments. 

Loses its power to occlude hydrogen, and after 6 times only 
320 and 330*5 volumes. Power restored partly by heat, and 
wholly by extracting the hydrogen by electrolysis in an acid fluid. 
Tenacity of palladium being 100, that of palladium and hydrogen 
was 81*29 electrical conductivity, copper 100, palladium 8*10, 
palladium and hydrogen 5*99. 

Hydrogenium, a magnetic metal. Slight absorption of hydrogen 
at a high temperature. Speed of movement through palladium 1 
niillim. in tliickness is 4 millims. per minute. 

Alloy contains about 20 volumes of palladiimi, and 1 of hydro- 
genium. An approach to equivalents. Summary. 

XJ^I. — Speculative Ideas coixceiiminy the Constitution of Matter 

From the " Philosophical Magazine " for February, 1864. 

It is conceivable that the various kinds of matter may possess 
one and the same ultimate or atomic molecule in different conditions 
of movement. 

Ponderable matter and a common atom. Tlie atom is not at 
rest. Motion due to primordial impulse. This gives rise to 
volume. The more rapid the movement the greater the space 
occupied by atoms. Matter of different density forms different 
substances. This not applied to known gases which are composed 
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of molecules or groups of atoms. There may be infinite repetitions 
of such steps. Molecular volumes of different elementary sub- 
stances have the same relation to each other as the subordinate 
atomic volumes of the same substances. 

Volumes uniting retain a portion of the original movement and 
volume. This is chemical combination. The same result attained 
by hypothesis of a fluid medium caused to undulate. A special 
rate of vibration or pulsation imparted to a portion of the fluid 
medium. No incompatibility between the liquid, solid, and gaseous 
states. Possibility of something like an undeveloped condition of 
matter connecting two states. 

Molecular mobility has an obvious bearing on the communication 
of heat to gases. The impact of the gaseous molecule, when more 
rapid, produces more frequent contact A hot object in hydrogen 
is touched 3*8 times more frequently than in air. Dal ton ascribes 
this to mobility. Hydrogen in an air engine favours the alternate 
heating and* cooling of a confined volume of gas. 



SALTS AND SOLUTIONS. 

/. — On Exceptions to the Law tliat Salts are more Soluble in Hot 
than in Cold Water^ with a neiv instance — 1827, 

From '^ Philosophical Magazine and Annals of Philosophy,'' ii., 1827, 

pp. 20-26. 

Phosphate of magnesia prepared by precipitation. 

Efflorescent. Solution cloudy at (120®F.) about 50^*0. 

Precipitate like anhydrous phosphate. 

774: parts wat^r dissolve 1 at 7"'2, and 
1151 do. do. 1 at 100\ 

Time required to dissolve it. 

Mere continuance of heat did not increase the precipitate. A 
solution once precipitated by heat did not precipitate more except 
by greater heat. Efflorescence in hydrates shows a weak affinity 
for water. 

As all the hydrates of salts lose water by heat, there is a point 
at which every salt diminishes in solubility. 

Some substances insoluble in water whilst the hydrates are 
soluble, such as silica. 
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//. — An Account of the Formation of Alcoates. Definite Comr 
pounds of Salts and Alcohol analogous to the Hydrates 
—1831. 

From *'Edin. Roy. Soc. Trans.," xi., 1831, pp. 175-193 ("PhiL Mag.,'* iv., 
1828, pp. 2G5-272, 331-336; "Journal de Pharm.," xv., 1829, pp. 
105-124; *'PoggendorfAnnal.," XV., 1829, pp. 150-153; ** Quart. Journ. 
of Science," ii., 1828, pp. 442, 443; "Schweigger Jouni.," Ivi. (Jahr- 
buch xxvi.), 1829, pp. 180-203). 

Mode of concentrating alcohol by quicklime. Quicklime ab- 
sorbs a small quantity of alcohol vapour. 

Sulphuric acid absorbs the vapour of absolute alcohol, as of 
water. 

Chloiide of calcium absorbs it. Compound described. 
Alcoate of nitrate of magnesia. 
Do. of lime. 

Do. of protochloride of manganese. 

Do. of chloride of zinc; chlorides of magnesium and iron. 
Dent-absorption of dent-oxide of azote l)y protochloride of iron 
and alcohol more than by the salt alone. 

Absorption by the iron salt may show a tendency to deliquesce 
in an atmosphere of that gas, the retaining power being equal to 
the absorbing power. 

///. — Researches on Arseniates^ Phosphates^ and Modifications 

of Phosphoric Acid. 

From "Philosophical Transactions," 1833, pp. 253-284. 

1. — Subsalts. — Description of subarseniate and subphosphate of 
soda. 

Explanatory hypothesis that phosphoric acid is disposed to 
unite with three atoms of base, common phosphate of soda being 
phosphate of soda and water. For the water another base may be 
substituted, as an atom of soda in the subphosphate, or an atom of 
silver in the corresponding salt. Pyrophosphate produced by 
heating phosphate, not by subphosphate, as it leaves an excess of 
base. Phosphoric acid by burning phosphorus. 

Water in the crystals of subarseniate of soda, probably 24 atoms 
differing from the neutral arseniate by an atom of soda substituted 
for water. 

Vol. XV. v 
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Subphosphate dried, heated, fused with protoxide of lead. 
Calcined with exposure to carbonic acid. 
Subsesquiphosphate formed. 
Subphosphates and subarseniate of potash. 
Barytes, lime, and lead salts. 

2. Neutral Phosphates and Pyrophosphates. — Clark on the 
action of heat on the phosphate of soda, and removal of the last 
atom of water. 

Phosphate of soda has three atoms base — two soda, one water; 
added to earthy and metallic salts, gives precipitates, with three 
atoms base; one may be water, the basic function of which is 
essential to the phosphate of soda. The pyrophosphate has two 
atoms base, and gives accordingly bibasic precipitates. Unusual 
appearance of the crystals after long boiling of the solution. 

3. Of the Superphosphates. (1st) Of the biphosphate. Re- 
markable body. Its dimorphism. Crystals contain four atoms 
of water, and lose two at 212' F. (100" C), and no more till 375" 
F. (19r C.) 

Two atoms essential to the salt — one atom soda, two water, and 
a double atom of phosphoric acid — these three atoms replaceable 
by three of oxide of silver. Second variety of bipyrophosphate 
of soda. The biphosphate heated to 400° F. (204* C.) rapidly 
semifuses, and one atom of water comes off in ebullition. 

Salt, still soluble, but altered. Precipitates silver white, and 
with two atoms to a double atom of the acid, pyrophosphate of 
silver. 

Third variety of the biphosphate of soda. The above biphosphate 
heated between 400' and 470' F. (204' and 243 C.) for several 
days. Small part insoluble nearly, see p. 341. Solution exactly 
neutral. Probable composition. 

Fourth or insoluble variety of biphosphate of soda. If sufficient 
heating were possible, water would pi*obably be incapable of acting 
on it. Reasons for this. Fifth variety of biphosphate of soda. 
The preceding insoluble variety heated to low redness. 

Description of its properties. Metaphosphata — Not ciystallized, 
changed. The acid coagulates albumen. The glacial acid was 
supposed to be pyrophosphoric. The hydrated salt retains one 
atom water heated to 400' F. (204' C), becoming bi pyrophosphate 
The anhydrous fused metaphosphate is not changed by heating for 
several days, change effected by water; dried sharply, or with 
su&cient alkali, becomes common sub-phosphate. 
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Metaphosphate of Barytes. — Insoluble even by washing in hot 
water, but on long boiling is decomposed and dissolved, biphosphate 
of barytes being in the solution. 

4. On the Modifications of Phosphoric Acid. — Acid in comnion 
phosphate of soda has three atoms of base to the double atom of 
acid. Does not effect albumen. Other modifications pajss into it 
in solution, after some days in water or boiling, on fusion with 
three proportions of fixed base. Pyrophosphoric acid of the fused 
phosphate forms salts with two atoms base. Does not disturb 
albumen, or make a precipitate in muriate of barytea 

The metapho.sphoric acid disposed to form salts, with one atom 
oE base to the double atom of acid. Made by heating the other 
modifications per ae, or with only one atom of certain fixed bases. 
These three acids, even when free, have still their usual proportion 
of base, and that base is water, or they are a terphosphate, a bi- 
phosphate, and a phosphate of water. 

Table of oxygen in the salts. Loss of water by heating phos- 
phoric acid. Possible hydrates of the acid. Binarseniate of soda 
does not undergo the same changes as biphosphate. 

IV, — On Hydrated Salts and Metallic Oxides: loith Observations 

on the Doctrine of Isomerism — I8S4. 

From **Brit. Assoc. Report," 1834, pp. 579-582 (*»Liebig A nnaL,"xii., 1834* 
pp. 1-12; **Poggend. Annal.," xxxii., 1834, pp. 33-75.) 

Certain salts mentioned with five or seven atoms of water retain 
one in more intimate union than the othei-s. 

Sulphate of zinc loses 6 atoms at 65** F. (IS^"* C), and retains 
one up to 410^ F. (210** C.) This salt may be viewed as a sulphate 
of zinc and water, with 6 atoms of water of crystallization. This 
last atom discharges a basic function explaining the disposition of 
the salt to form double sulphates. Sulphate of potash may take 
the place of this water, and form the double sulphate of zinc and 
potash. Sulphate of lime, peculiarity. 

Protochlorides and cyanides. Tin. Two oxides. Different 
hydrates. Various peroxides and some salts obtained as debris 
of hydrates by heating. Incandescent on heating to i^edness. 
Isomerism, which has been proposed to explain the change of 
character in bodies of the same composition, may often be ex- 
plained by certain differences in composition when carefully 
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examined, ex.gr., — (1) The water of the phosphoric acids; (2) Some 
bodies are mere d^bns of chemical compounds; (3) The proximate 
constitution may be very different when the ultimate is the same. 
No evidence of cyanogen in fulminic acid. Tartaric acid and 
racemic probably have as little relation to each other as any two 
vegetable acids which could be named, certainly contain different 
radicala (4) A minute trace of adventitious matter may affect a 
body. See phosphuretted hydrogen. 



V. — On Water as a ConMituent of Salts — 18S0. 

From "Edin. Roy. Soc. Trans.," xiii., 1836, pp. 297-314 ("Phil. Mag./' 
vL, 1836. pp. 327-334, 417-424; " Aunal. de Chimie," Ixiii., 1836, pp. 
46-64; **Erdm. Journ. Prak. Chem., " v., 1835, pp. 90-109, xv., 1838, 
pp. 437-439; "Liebig Annal.," xx., 1836, pp. 141-149: **Poggend. 
Anna].," xxxviii., 1836, pp. 123-142). 

Water in salts of ammonia. Water of crystallization, feeble 
affinity. Water in the caustic alkalies has the function of an acid. 

The inseparable water of acids, as of sulphuric acid, has been 
held to be basic, and that acid to be a sulphate of water and bisul- 
phate or bitartrate of potash a double salt. Development of this 
view in the memoir on the phosphates. Now finds water to exist 
in a different state, replaceable by salt. The tendency of phos- 
phate of soda to unite with more soda was traced to the existence 
of basic water in the former. The question arose, Does an analo- 
gous provision exist in such salts as form double salts] 

In the sulphates of magnesia, zinc, iron, manganese, copper, 
nickel, and cobalt, an atom of water seems essential. In sulphate 
of zinc and potash one of the seven atoms of water in the first 
salt is replaced by sulphate of potash, and the six atoms of water 
remain as water of ciystallization. 

Supersulphates, double salts. Second atom of water in sulphuric 
acid replaced by sulphate of potash, but the firat replaceable only 
by a true base. The sulphuric acid hydrate, therefoi-e, has an 
atom of basic and an atom of saline water, just as the hydrous 
sulphate of zinc is a sulphate of zinc with saline water. No super- 
sulphates of magnesia, &c., are analogous in constitution, and do 
not tend to combine. Sulphate of water with saline water. The 
primary sulphate. Specific gravity, 1*78. The dilute acid may 
he concentrated at a temperature not exceeding SSO^F. {193'C.), 
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without loss of acid, the water reduced to two atoms. At 400' or 
410' F. (264'— 210 C.) this hydrate begins to be decomposed. 

Sulphate of water and sulphate of potasL Bisulphate of potash, 
without water or crystallization. 

Sulphate of potash, sulphate of soda. Of the ten atoms of water 
in crystals of sulphate of soda, none essential to its constitution, 
ciystallizes anhydrous from a hot solution. 

Sulphate of Zinc with saline water. Heated above 410^F. 
(210X\), loses the last atom of water, but regains it with erolutiou 
of heat when moistened. Sulphate of zinc and potash. Retains 
the six atoms with more force than the sulphate of zinc alone. 
The sulphate of potash does not neutralize the acidity. 

Sulphate of zinc and soda. Not obtained merely by crystallizing 
together the mixed salts, but from a solution of bisulphate of soda 
and sulphate of zinc in a day or two. 

Sulphate of copper and saline water. Loses its fifth or saline 
atom above 430' F. (22rC.) Takes it up with erolution of heat. 
Sulphate of copper and potash. Table of water at different 
temperatures. 

Sulphate of copper and soda. 

Sulphate of manganese, with saline water, five atoms of water 
reduced to one, at 410' F. (210" C.) Table of water at difterent 
temperatures. Sulphate of iron with saline water. The saline 
atom of water retained to the temperature of 535^ F. (279* C.) 

Hydrated sulphate of lima A sulphate with one atom of water 
obtained by heating the hydrate over sulphuric acid in vacuo at 
212T. (100' C.) The salt can be made anhydrous at 300'F. 
( 1 49 '^ C. ) Table of water at different temperatures. Monohydrate 
does not adhere like stucco. This power retained to 270' F. 
(132° C.) The heated sulphate — the debris of the hydrate, not to 
be confounded with anhydrato. 

Anhydrous gypsum may be written with a — or minus after it 
to show that something is wanting. Anhydrate requires no - 
as it takes up no water. Sulphuric acid and other salts may be 
equally represented. This view of the constitution of sulphates 
must not be hastily applied to other classes of salts, as each has its 
own peculiarities to be studied. 
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VI, — On the Water of Crystallization of Soda- Alum — 1836, 

From "PhU. Mag.," ix., 1836, pp. 26 32 ("Liebig Annalen," xxUi., 1837, 
pp. 260, 270; ** Poggend. Annal.," xxxix., 1836, pp. 582-585). 

Of soda-alum. This alum, like potash alum, has octohedral 
crystals, but is said to contain two atoms more water than the 
latter. No proof of isomorphism of soda and potash, but rather 
that soda, plus two atoms water, is isomorphous with potash. 

Mode of preparation. Efflorescent. Contains, like potash 
alum, 24 atoms of water. 

VIL — Inquiry respecting the Constitution of Salts, Oxalates , 
Nitrates, Phosphates, Sulphates, and Chloride — 1837. 

From "Phil. Trans.," 1837, pp. 47-74 (*'Liebig Annal.," xxix., 1839, 

pp. 1-35.) 

From the paper on water in salts would be inferred an analogy 
between any hydrated acid and its magnesium salt. So the 
oxalate and nitrate of water resemble the oxalate and nitrate of 
magnesia. In certain subsalts of the magnesium class of oxides 
the metallic oxide replaces the crystallization water. As in the 
case of sulphates, an atom of water seems to be replaced in the 
oxalates, so as to form double oxalate. 

1. — Of the Oxalates. — Oxalate of water, or hydrated oxalic 
acid. Three atoms of water one basic. The two others may be 
termed constitutional, and ai-e found in the magnesium oxalates. 
By drying, two atoms are lost or none. 

Oxalate of Zinc. — Retains its two atoms water strongly. 

Oxalate of Magnesia. — Eetains these two atoms still more 
strongly. 

Oxalates of Iron, Nickel, and Cobalt.~Not obtained pure, as 
they appear to carry down part of the precipitant No binoxalate 
of magnesia. 

Oxalate of Lime. — Contains two atoms of water, lost readily. 
Oxalate of barytes — one atom water, and thus differs from pre- 
ceding. 

Oxalate of Potash. — Crystalizes with one atom of water. Bi- 
noxalate of potash contains three atoms. The constitutional 
water of the neutral oxalate displaced by oxalate of water, which 
has two atoms. 
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QnodrofXAlase of Pocasb. — ^Tbe two aioms of preeeding salt 
replaced dt ivo ^zosm of hjdfated oxalic add. Has serea atoms 
of water, f-our ci winch at loees at 240' F. ( 1 16^ C), b^ng die two 
atoms of water of tibe two atoms oxalic aci«i. 

Oxalates of Ammoiiia. — Agree witii those of potash. There is 
also a qnadioxalaie as well as binoxolate. 

Oxalate of ftoda. — Least soluble of soda saltSw Anhjdroos. 
With oxalic add forms a binoxalate. No quadroxalate. Absenoe 
of water probabl j shows an indifierenoe for further combination. 

Binoxalate of soda — three atoms of water. like the potash, 
salt loses onij two at 300* F. <147' C. ) 

Double oxalatesu — One member of the magnesium class of ozideB, 
namelv^-copper forms binoxalates with an alkaline salt. 

Oxalate of cop^ier and potash. — One form of crystal has two» the 
other four atoms of water. The second loses two by effloreacenoe. 
The oxide of water is substituted for the basic water of the bin- 
oxalate. 

Oxalate of chromium and potash, with six atoms water. 

Oxalate of peroxide of iron and potash. 

Oxalate of peroxide of iron and soda. 

These three salts occupy the same important position among the 
oxalates as the alums among the sulphates. 

2. Of Nitrates. — (1) Hydrated nitric add the nitrate of 
water. This has one atom of water as base, and three held less 
powerfully. 

(2) Nitrate of Copper. — Two crystals. The prisms contain threes 
the rhomboids six atoms of water, and lose three readily : the othei* 
three cannot be expelled without loss of acid. 

(3) Subnitrate of Copper. — Thinks the single atom of >\^ter to 
be the base, and the three atoms of oxide of oopj^er in plaoe of the 
constitutional water of the nitrate of water. 

(4) Nitrate and Subnitrate of Bismutlu — The noutml uiti'^to 
contains three atoms of water like the nitrate of ot^p|H>i\ 

(5) Niti-ate of Zinc— Contains six atoms of water wliioli cauuot 
be reduced below three without loss of acid. 

(6) Nitrate of Magnesia. — Contains «ix atouw of \vat<M\ At 
heat of melting lead reduced to ono atouu *rhi« iutiiuato <^\iu 
bination of one atom does not indiciito a di«i|HWiitivMi t\> fi^rm i\ 
double salt, and is probably the result of a ut^w armni^^mmU t^' i\\^ 
constituents at a high temperaturt\ No proof of Uw> exlsiwiw* 
of supernitiates. 



oi4 Fh'dosophical ^'iociety of Glasyow. 

3. — Of Phosphates. — Table of phosphoric and salts. Nomen- 
clature — monobasic, bibasic, and tiibasic. 

(1) Tribasic phosphate of soda, ammonia, and water. — The 
name expresses the view of the constitution of the salts. 

(2) Tribasic phosphates containing oxides of the magnesium class. 
— Tribasic phospliate of zinc and water has two atoms of water 
difficult to expel, besides one basic. Tribasic arseniate of magnesia 
and water has fifteen atoms water of which three, one being basic, 
are retained at 212° F. (100" C.) 

(3) Tribasic phosphate of magnesia and water — has fifteen atoms 
of water reduced at 212'' F. (100° C), to seven atoms one of which 
is basic. 

(4) Tribasic phosphate of magnesia and ammonia. — This not 
a double phosphate, but formed from the tribasic phosphate of 
magnesia and water by the substitution of oxide of ammonia for 
the basic water of that salt. 

4. Sulphates. (Chromates.) See former paper. 

As to the suggestion that bisulphate of potash is a double 
sulphate of water and potash, and therefore nearly neutral in com- 
position, if all bisalts arc neuti-al in composition, what explains 
the condition of the bichromate? The vapour of anhydrous 
sulphuric acid is absorbed by sulphate of potash and chloiide of 
potassium without decomposition. Chromic acid forms analogous 
compounds; with neutral chromate, it forms the red chromate, 
and with chloride of potassium Peligot's salts analogous to, but 
more permanent than Kose's sulphates. The red chromate may 
then belong to a new order of combination. 

Sulphates hold water with remarkable force. That of copper 
retains its four atoms at 212° F. Alum an alkaline sulphate with 
alumina attached. 

5. Chloridea — Hydiucids have a weak affinity for water. 

The law seems to be that chlorides of the magnesian class have 
two atoms of water pretty strongly attached. Some liave two 
or fo\ir more, advancing by two's. 

(1) Chloride of copper, two atoms of water. 

(2) Chloride of manganese, four atoms water. 

(3) Protochloride of iron, four atoms water. 

(4) Chloride of magnesium, six atoms water. 

(5) Chloride of calcium, six atoms water, reduced in value 
over sulphuric acid to two. 

(0) Double chloride of copper and amonium with two atoms water. 
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The disposition of the protocyanide of iron and of the cyanide 
of copper to combine with two atoms of cyanide of potassium 
may depend upon the cyanides of iron and copper possessing two 
atoms of constitutional water. 

Vlll.—On the The<yry of Voltaic Cirde^l839, 

From "Brit. Aaaoc. Report," 1839 (Ft. ii.), pp. 29-31. 

The i)olar molecules of a salt contain negative and positive, or 
rather chlorous and zincous affinities, called also halogenous and 
basylous. (Gi'aham's elements of Chemistiy, 1850, p. 239, etc.) 
Explanation of the apparent travelling of hydrogen to the copper 
plate, by a series of transferences, beginning with the first partially 
fixed atom of hydrogen (in the case of hydix)chloric acid), ».e. by a 
propagation of a decomposition through a chain of particles of the 
acid (see also Elements of Chemistry, p. 272, etc.) 

IX, — Oth th^ Constitution of the Sulphates^ as iUustrated by late 

Thermometrical Researches — 1842, 

From "Chem. Soc. Mem.," i., 184143, pp. 82-84; **PhU. Mag.," xx., 1842, 

pp. 539-541. 

No heat evolved in uniting sulphate of magnesia with sulphate 
of potash, some with sulphate of ammonia, but on stirring the 
latter when the double salt fell the temperature rose 5' '40 F. 
(S"" C), and fell on resolution. No heat of combination, because 
sulphate of potash and water are equicalorous in the constitution 
of such salts. 

A'. — Experiments on the Heat disemjaged in Combinations. 

Part 1—1842. 

From "Chem. Soc. Mem.," i., 1841-43, pp. 106-126— ii., 1843-45, pp. 51-70. 
"Amial. de Chemie," viii., 1843, pp. 151-180; xiii., 1845, pp. 188- 
216. "Erdm. Jouni. Prak. Chem.," xxx., 1843, pp. 152-183. **Phil. 
Mag.," xxii., pp. 329-352; xxiv., 1844, pp. 401-420. 

Sulphuric acid. 

Hydration of magnesium sulphates. 
Sulphates and chromates of the potash family. 
Double sulphates. 
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Table of heat absorbed by equivalent quantities of crystallized 
salts on dissolving in water 

Simple relations observed between the heat disengaged by the 
sulphates of magnesia and zinc, which appear to belong to one 
class, whilst the sulphates of water, copper, and manganese belong 
to another. 

XL — Experiments on the Heat diaeyigaged in Combinatiofis, 

Part 11,-1843. 

Neutralization of various acids by hydrate of potash. 

1. Neutralization of potash by nitric and hydrochloric acids. 

2. ,, potash by sulphuric acid. 

3. ,. bichromate of potash by hydrate of potash. 

4. ,, acetic acid by hydrate of potash. 

5. ,, oxalic acid by hydrate of potash. 

6. ,, bicarbonate of potash by hydi'ate of potash. 

7. ,, arsenic and phosphoric acids by hydrate 
of potash. 

XII. — On tlie Diffusion of Liquids — 18^9, 

From *'Phil. Trans.," 1850, pp. 1^, 805-836; 1851, pp. 483-494. " Annal. 
deChemie," xxix., 1850, pp. 197-229; "Brit. Asaoc. Report," 1851 
(Pt. 2), p. 47; "Chem. Soc. Journal," ui., 1851, pp. 60 67; "Jour, de 
Pharm.," xix., 1851, pp. 394-401 ; "Liebig. Amial.," Ixxvii., 1851, 
pp. 56-89, 129-160; "Phil. Mag.," xxxvii., 1850; pp. 181-198,254-281, 
341-349. 

Any substance in solution is diffused uniformly through the 
mass of the solvent by a spontaneous process. 

The subject has been obscured by the experiments being made 
with a membrane which imbibes the substance and produces 
endosmose, not connected with diffusibility. A diffusibility like 
that of gases would afford means of separating bodies, and present 
a scale of densities for substances in solution analogous to vapour 
densities. Gay-Lussac's theory. Chemical combination attended 
solution with cold; dissimilar bodies combine, whilst soluble 
substances and their solvents are like, or analogous. Solubility 
is not the same as the intensity of the solvent force, the gradations 
of which may depend on unequal difiusibility. 

Diffusion of liquid or dissolved carbonic acid slow compared 
>vith gaseous. 
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Mode of experimenting without a diaphragm. 
Solutions of salts of the same density diffuse equally. 

1. Characters of liquid diffusion. Diffusion of chloride of 
sodium. 

Quantity diffused closely proportioned to the quantity of salt. 
Diffusion increases with the temperature. Nearly the same for 
eight days, but diminishiog. 

2. Diffusion of various salts and other substances. 20 salt to 
100 water at 60* -5 (15*-8 C.) for eight days. Salt, sugar, gum, 

, albumen. Sugar less than half the diffusibility of chloride of 
sodium. 

The diffusion of albumen very much lower than of saline bodies. 

Chloride of sodium appears 20 times more diffusible; actually 
more so, as neariy one-half the matter diffused from the fircit con- 
sists of inorganic salts. Value of this low diffusibility in retaining 
serous fluids in the blood vessels. 

Diffusion of solutions of 10 salt to 100 water, at b^b F. (IS** -3 C.) 
Do. do. do., at 37'-5 F. (3'-05 C.) 

Near equality of certain isomorphous salts. 

Diffusion of acid solutions, 4 acid to 100 water, at 59** '3 F. 
(15'-1 C.) 

Considerable latitude in the difiusibility. 

3. Diffusion of ammoniacal salts of copper. 

4. Diffusion of mixed salts. 

Inequality of diffusion is not diminished but exaggerated in 
mixtures. Same observed of mixed gases. 

5. Separation of salts of different bases by difl^sion. The potash 
salts more diffusive than the soda salts. Experiments. Sea salt. 
Slowness of diffusion. 

In the sea salt does magnesium exist as a chloride or sulphate? 
Will diffusion show this by taking out the most difiusible? Or 
will the most diffusible, the chloride, form because of its opportu- 
nities to diffuse ? Liquid diffusion, as well as gaseous evaporation, 
can produce decomposition. 

6. Decomposition of salts by diffusion. Bisulphate of potash. 
Potash alum. Ammoniated sulphate of copper. Alkaline salts 
with lime. 

7. Diflusion of double salts. A mixture of sulphate of magnesia 
and sulphate of potash gave in diffusion the sum of the separate 
diffusions. The salts probably not combined immediately on dis- 
solving. 
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8. Diffusion of one salt into the solution of another salt. Chlo- 
ride of sodium does not resist carbonate of soda diffusing into it. 
Sulphate of soda does. Nitrate of potash is not resisted by niti-ate 
of ammonia, although isomoi'phous. They are inelastic to each 
other, like two gases. 

At a certain pressui*e attraction impairs the elasticity of a gas, 
so at a certain saturation the salt molecules tend to crystallize. 

Further analogy between liquid and gaseous diffusion. 

Diffusion of salts of potash and ammonia. Vials for diffusion 
holding 2,080 grains (134*74 grammes), outside vessel or water 
atmosphere 8,750 grains (or 571*1 grammes). Density 2, 4, 6g, 
and 10 to 100 water by weight. Some at two temperatures. 

Diffusion of carbonate of potash, sulphate of potash, and sulphate 
of ammonia. Sensibly equal except at the densest point 

Diffusion of chromate of potash and acetate of potash. Close 
correspondence, even to the 10 per cent solution. 

Diffusion of bicarbonate of potash and bichromate of potash. 
Close approximation : so that equality is not confined to isomorphous 
salts. 

Diffusion of nitmte of potash and nitrate of ammonia. A slight 
superiority in the latter. 

Diffusion of chloride of potassium and chloride of ammonium. 
Agree well: related to the preceding nitrates. Crystallizing 
attraction in strong solutions resisting diffusion. 

Diffusion of chlorate of potash. Inferior to the nitrate. Its less 
solubility may be connected with a tendency to crystallize, 
uniformity of diffusion greater in weak solutions. 

Diffusion of salts of the sulphate of potash class. Diffusion of 
1 per cent, solutions. Ferrocyanide and ferricyanide of potassium. 

Diffusion of salts of the nitre class. 

Nitrate of potash and carbonate of potash. 

Times of equal diiiusion. A 4 per cent, solution of nitrate of 
potash diffused for 7 days, or as 1 to 1*4142, the square root of 2. 
Leading to the idea of solution densities, and fui*ther analogy 
with gases. Further trials. 

Hydrate of potash. Compared \\4th nitrate and sulphate. 

Diffusion of salts of soda. 

Diffusion of sulphate and carbonate of soda. Nitrate of soda. 

Relation of salts of i>otash to salts of soda. Times of equal 
diffusibility as the square i*oot of 2 to that of 3. 

Diffusion of sulphate of magnesia. 
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Has half the difiusibility of sulphate of potash, and one-fourth 
that of the hydrate at 52' F. (12'-2 0.) Sulphate of zinc differed 
from sulphate of magnesia 4 per cent., although isomorphous. 

Table of solutions of 1 and 2 salt to 100 water. 

Summaiy of results: — Diffusion a property of a fundamental 
character. Supplies the densities of a new kind of molecules. 

Relations in diffusion refer to equal weights, not to atomic 
weights, or to larger molecules, if not of equal weight, of weights 
with a simple relation to each other. Classes of equidiffusive 
substances. Division of salts of potash. Separation of salts by 
diffusion. Decomposition by diffusion. Use in the study of 
endosmose. 



Supplementary Observationa on t/ie Diffimon of Liquids — 1850. 

Diffusion of hydrochloric acid. One of the most diffusive 
substances. Effect of time. 

Diffusion of hydriodic acid, hydrobromic acid, and bromine. 

Diversity of physical properties compatible with equal diffusi- 
bility in substances which are isomorphous. 

Hydrocyanic acid. Nitric acid. 

Sulphuric acid. Chromic acid. 

Acetic acid. Sulphurous acid. 

Ammonia. 

Alcohol. 

Nitrate of baryta. 

Nitrate of strontia. Nitrate of lime. 

Acetate of lead. Acetate of baryta. 

Chloride of barium. Chloride of strontium. 

Chloride of calcium. 

Chloride of manganese. Nitrate of magnesia. Nitrate of copper. 

Protochloride of iron. Sesquichloride of iron. 

Sulphate of magnesia. 

Sulphate of zinc. 

Sulphate of alumina. 

Nitrate of silver. Nitrate of soda. 

Chloride of sodium. 

Chloride of potassium. 

Iodides and bromides of potassium and sodium. 

Chloride of ammonium. 



350 I Philosophical Society o/ Glasyoic. 

Dichloride of copper. Diffusion diminished by excess of hydro- 
chloric acid. Same effect of acid on chloride of sodium. Effect 
of acids. 

Bicarbonate of potash. Bicarbonate of ammonia. 
• Bicarbonate of soda. 

Hydrochlorate of morphine. 

Hydrochlorate of stiychuine. Observations in this paper favoui* 
the existence of a close similarity or equality in diffusibility 
between certain classes or substances. Chlorides and nitrates and 
their acids show this, isomorphous salts also. 

Additional Observations on the Diffusion of Liquids — 1851. 

In the following the salts of potash and soda only are used, and 
in four different proportions. Hydrate of potash. 

Hydrate of soda. 

Carbonate of potash. 

Carbonate of soda. 

Comparison of potash and soda. Sulphate of potash. 

Sulphite of potasli. 

Sulphite of soda, Hjrposulphite of potash. Hyposulphite of 
soda. 

Sulphovinate of potash. Sulphovinate of soda. Oxalate of 
potash. 

Sulphate and oxalate compared. Oxalate of soda. 

Acetate of potash. Sulphate and acetate compared. 

Acetate of soda. Acetates of soda and potash compared. 

Tartrate of potash. 

Tartrate of soda. Tartrate of potash and soda compared. 
Double tartrate of potash and soda decomposed by diffusion. In 
nine pairs of potash and soda salts the potash salts uniformly 
exceed the soda in diffusibility, the ratio sensibly the same, the 
hydrates not included. 

XIII. — On the Application of Liquid Diffusion to produce 

Decompositions — 18^9. 

From '• Chem. Soc. Journ.," vol. iii., p. CO, 1851. 

Observations made on the spontaneous diffusion into pure water 
of several salts already dissolved in 100 times their weight of 
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walii'. Api'.iraiu^ a^ liclnic. '1 n.- \^.l;^l■(.)^ ilir watfi- /|ar i.^ an 
atmosphere into wliicli the salts diliuse from the sohition phial 
within. Together they form a diffusion cell. Time, seven days, 
unless stated otherwise. Temp., 50' F. (10" C.) 

Salts diffuse from a one-per-cent. solution in equal times. 

Decomposition of sulphate of potash by lime in diffusion cells. 

Decomposition of sulphate of soda. Potash salt most decom- 
I posed. 

I Alkaline chloride very slightly decomposed. Decomposition of 

sulphates by lime in dilute solutions, which cannot deposit sulphate 
i of lime. Decomposition of sulphates by carbonates of lime. 

Effect in the soil. No decomposition in saturated solutions of 
chlorides. 

An agency in the soil by which the alkaline carbonates required 
by plants may be formed from the chlorides of potassium and 
sodium, as well as from the sulphates. This brought into action 
by top-dressing with lime. 



XIV. — Oyi the Concentration of Alcohol in Somm^ring's Expe^n- 

ments — 1854- 

From *'Brit. Assoc. Report," 1854, pt. ii., p. 69. 

The alcohol was, by Sommering, concentrated in a bladder; it 
I was here shown that gelatine had the same effect. 

X V. — Liquid Diffusion applied to Analysis — 1861. 

From "Phil. Trans.," 1861, pp. 183-224 ("Roy. Soc. Proc.,"xi., 1860-62, 
pp. 243-247; "Chem. Soc. Journ.,"xv., 1862, pp. 216-270; "Liebig 
Annal.," cxxi., 1802, pp. 1-77, cxxiii., 1862, pp. .d0.112; "Nuovo 
Cunento," xv., 1862, pp. 92-94; "Paris Comptes Rendus," liii, 1861, 
pp. 275279 ; "Phil. Mag.," xxiii., 1862, pp. 204-223, 290-306, 868-380 ; 
Poggend. Aiinal.," cxiv., 1861, pp. 187-192). 
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Volatility a means of separating bodies. Diffusion similar in 
character. Hydrate, sulphate of potash, etc., " volatile " as regards 
diffusion. The fixed class are silicic acid, albumen, gums, etc. : 
crystalline bodies the type of first; gelatine the type of colloids. 
Distinction intimate molecular. The crystalloid state is statical, 
the colloid dynamical. 
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Colloidal has energia. The source of force in vital phenomena. 

Colloid substances assisting dif^sive separations. Starch and 
pectin greatly resist passage of less difiusive substances, and 
entirely cut off colloid substances. A mere film of jelly is enough. 

Instances with sized paper. Not as a filter. Only molecules 
permeate, and not masses. The water of the colloid is in a state 
of combination, although feeble, and cannot be used as a medium 
for diffusion. Tlie crystalloid can separate the water, molecule by 
molecule, and make its way through the gelatinous septum. 
This action called dialysis. 

Vegetable parchment or parchment paper made by M. Gaine. 
Unsized paper dipt in sulphuric acid. Dialysing vessel or saucers 
of paper. Jar diffusion explained. 

Diffusion of 10 per cent, solutions of chloride of sodium, sugar, 
gum, and tannin in fourteen days, at 10° C. 

Diffusion of sulphate of magnesia, albumen, and caramel for 
fourteen days. 

Diffusion of chloride of sodium in different times. 

Diffusion of a 10 jKjr cent, solution of cane sugar in different 
times. 

Hydrochloric acid compared with salts, sugar, and albumen. 
Diffusion in alcohol of iodine and acetate of potash. Diffusion of 
alcoholic solution of resin. 

Difiusion of 5 per cent, solution of chlorides of potassium and 
sodium. 

Diffusion of 5 per cent, solution of chloride of sodium and 
sulphate of soda at 10" C. for seven days. 

Same for fourteen days. Can two unequally diffusive metals be 
separated by varying the acid? 

Diffusion of 5*12 per cent chloride of potassium and 4*88 of 
sulphate of soda for seven days at 14** C. 

Diffusion of 4*01 per cent, chloride of sodium and 6*99 of 
sulphate of potash for seven days at 14° C. Effect of temperature 
on diffusion. 

Dialysis. 

Diffusion of a 10 per cent, solution of chloride of sodium in the 
jelly of gelose for eight days at 10° C. A crjrstalloid passes through 
a firm jelly with little or no abatement of velocity. 

Heat. The effect of heat increasing diffusion is diminished in 
dialysis. Bell jar. Bulb dialyser. 
Effect of volume of liquid in the dialyser. Effect of acids. 
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Dialysis through parchment paper during twenty-four hours at 

10"— 15' C. 

Dialysis through animal mucus during twenty-five hours at 10° 
— 15° C. 

Dittlysis through parchment paper during twenty-four hours at 
12° C. 

Purification of colloid substances by dialysis. 

Crystalloids eliminated by diffusion. Soluble ailicic acid. 
Hydrochloric acid and chloride of sodium removed from it in a 
hoop dialyser in four days. Fure solution of silicic acid, limpid 
and colourless, preserved a few days. 

Coagulated by earthy or alkaline carbonates and carliouic acid, 
precipitated on calcareous stone without penetrating; acid like 
carbonic acid, precipitated by certain other colloids (ordinary 
silicate of soda not colloidal). Soluble silicic acid forms a peculiar 
cliiss of compounds also colloidal. 

Silicate of gelatine. Colli-silicates or cosiHcates. 

Cosilicic acid. Albuminic acid. Soluble alumina made by placing 
on the Jialyser a solution of alumina in chloride of aluminium. 
Very unstable. Coagulated by extremely minute amounts of salts. 
Oolloidnt alumina Imh a high atomic weight, like cosilicic acid. 

Soluble metalumina. Ci-um's discovery. Healing a binacetate 
to the boiling point of water, and keeping thus for several days; 
also by dialyslng an acetate of alumina that has been altered by 
heat; not a mordimt Soluble peroxide of iron. Preparation, 

Solution of the peroxide in the chloride goes on for months. 
Slow action characteristic of colloida — Very unstable solution. 
Separation by diffusion. 

Soluble metaperoxide of iron. Ferrocyanide of copper. 

Neutral Prussian blue. 

Ferrocyanide of iron, soluble in oxalic acid and binozalate irf 
potash. Suorate of copper, Sucrate of )>eroxidB of ii 
of peroxide of uranium. Suci-ate of lime. Soluble chromic o 
Hydi-ate<l uranic oxide and gluciiia. It appears that the liydn 
peroxides of the aluminous type when free are colloid bodips j 
species exist, of which alumina and metalumina are the types. 

The double type in fibrin of blood. 

Peroxide of tin. Metastannic acid. Titanic acid. 

Dialysis of organic colloid substance. — Tannin diil'usos, nt mocl^ 
200 times less than chloride of sodium. Oum, 400 t 
diffusive than chloride of sodium. 

V.ii., .W. r. 




354 Philosophical Society of (rlasgaw. 

Gummic and metagummic acids. — Giimmate of gelatine, dextrin, 
caramel, varieties of. Cane sugar, albumen. 

Emulsin. Coagulated albumen. Gelatinous starch. Extract 
of flesh. Separation of arsenious acid from colloidal liquids. 

95 per cent, of the arsenious acid difiused out in 24 hours. 
Amount with albumen and gum. 

Arsenious acid with other organic substances. 

Colloidal condition of matter. — Colloids and crystalloids diflferent 
worlds of matter, distinct as the material of a mineral and the 
material of an organized mass. Colloids may be soluble or 
insoluble. Easily thrown out of solution by crystalloid. Crystal- 
loids sapid ; colloids insipid. 

Tendency to change in colloids. — Colloids equivalents high. 
Possibly a collection of crystalloid molecules. 

Gelatine an important colloidal base. 

Ice. — Colloidal and crystalline. No abrupt transitions. 

Osmose. — Caused by hydration and dehydration of the mem- 
brane. Outer surface being pure water is most hydrated. With 
full hydration through the membrane osmose is checked. Weak 
alkalies swell the colloids, and cause extreme osmotic sensibility. 

XVI. — On CapUlary Transpiration of Liquids in relation to 

Chemical Composition — J861, 

From **l>hil. Trans.," 1861, pp. 373-386 ("Roy. Soc. Proc," xi., 1860-62, 
pp. 381-384; '*Chem. Soc. Journ.," xv., 1862, pp. 427-445; "Paris 
Comptes Rendus," liii., 1861, pp. 774-777). 

Poiseuille. — Greatest retardation of alcohol is with six equi- 
valents of water. 

Nitric acid. — Retardation greatest with three atoms water. 

Sulphuric acid. — Twenty-four times slower than water. Least 
transpirability in the crystaJlizable hydrate, or one atom of water 
added to SHO4. Ti-anspiration time of water 109 seconds. 

Acetic acid. — The hydrate C4H4O4 -f HoO has a transpiration 
time 2*7 times longer than water. 

Butyric acid. — With three equivalents water greatest retardation. 

Valerianic acid. — Retardetl most by two equivalents of water. 

Formic acid does not follow the same rule. 

Hydrochloric acid. — Its retardation indicates a 12-hydrate. No 
aju^pearance of a point indicating a 16-hydrate. 
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Alcohol. — Poiseuille's fundamental discovery confirmed by 
numerous experiments. Methylic alcohol, 6-hydrate of amylic 
alcohol. 

Ethers. — Formiate, acetate butyrate, and valerianate of ethyl, 
give transpiration times progressively rising — this may be 
connected with the increased weight of the molecula 

Acetone. — Time greatest with twelve equivalents of water. 

Glycerine. — No point of retardation found. 

Importance of observing transpiration. Retardation of hydrates 
may be caused by the increased size of the molecules, but it is 
possible to conceive a decomposition caused by the friction of 
passage and the propelling power lost by conversion into heat. 

Table of the transpiration of water at different temperatures. 

Table of the transpiration of alcohol at different temperatures. 



XV IL — On the Properties of Silicic Acid ami other Analogous 

Colloidal Substances — 1864- 

From the '* Journal of the Chemical Society," 1864. 

Hydrate of silicic acid soluble according to hydration. A jelly 
with 1 per cent of silicic acid gives a solution with one of that 
acid in 5,000. Time alone may cause coagulation which is opposed 
by concentration and warmth. 

Pectization by pounded graphite. No crystallization. Colloids 
transpire slowly. The particles aggregate. 

Alcohol and silicic acid. 

Ether and silicic acid. Glycerine and silicic acid. 

Sulphuric acid and acetic acid. 

Restoration of the liquid from the pectose state. Liquid stannic 
and metastannic acids. 

Liquid titanic acids. Liquid tungstic acid. 

Molylxlic acid. 

UNCLASSED PAPERS. 

/. — On the Heat of Friction — 1826. 

From <' Annals of Philosophy," xii., 1826, pp. 260-262. 
A speculation on the separate existence of heat. 
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II. — Alcohol derived from the FermemlcUion of Bread — 1826, 

From "Annals of Philosophy,'' xii., 1826, p. 363. 

There was found alcohol equal to 0*3 to 1 per cent, of the flour 
employed. 

///. — Effect of Animal Charcoal on Solutions — 1830, 

Prom ** Quart. Joum. of Science," i., 1830, pp. 120-125 ("Duigler Polytechn. 
Joam.,"xl., 1831, pp. 443446; "Poggend. Annal.," xix., pp. 139-144). 

Here it is shown by several instances, chiefly of metallic salts, 
that the charcoal removes more than mere colouring matter from 
solution. 

IV. — Note on tlie Preparation of Chlorate of Potash — 1841- 

From **Chem. Soc. Mem.," 1841-43, pp. 6-7. 

Loss of oxygen by acting with chlorine on carbonate of potash 
alone. Recommends addition of hydrate of lime. The chlorine 
attacks the potash, and the lime takes the carbonic acid at the 
same time. Similar result of secondary action found when sulphate 
of soda is added to lime, which mixture takes up two equivalents 
of sulphuretted hydrogen to one of lime. 

V. — Lettre de M, Graham a M, Diunas — 1842. 

From *'Annal. de Chimie," iv., 1842, pp. 177-186. 

Some ideas arising from the law of substitution — even an isolated 
element, such as a metal, held to be made up of several parts. 
Combination the natural state of matter. Electro-chemical theory, 
and mode of writing the symbols under this theory. A view of 
the constitution of several molecules of compound bodies. 

VI, — Note on the Useful Application of the Refxfse Lime of 

Gas-works — 1846, 

From **Chem. Soc. Mem.," ii., 1843-46, pp. 358-359 ; ** Erdm. Jour. Prak. 
Chem.," xxxvi., 1845, pp. 48-49; *'Frankl. Inst. Joum.," xi., 1846, 
pp. 281-282. 

By ex^wsure to air refuse lime becomes quickly oxidized, and 
one-sixth of its weight has been taken from it as crystallized hypo- 
sulphite of lime by a single crystallization. 
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VIL — Note on the Existence of PhospJioric Acid in tlie Deep Well 

Water of the London Basin — IS^o. 

From **Chem. Soc. Mem.," ii., 1843-45, pp. 392, 393; **Bibl. Univ.," Ix., 

1845, pp. 385, 386. 

Deposits carbonate and phosphate of lime. Green conferva*, 
grow readily. Does the value of water for irrigation depend on 
the phosphoric acid ? 

VIII. — Observations on Etlierification — ISol, 

From "Chem. Soc. Journ.," iii., 1851, pp. 24-28; •* Joiirn. dePharm.,"xviii., 
1850, pp. 124-130; **Liebig'8 Amial., Ixxv.," 1850, pp. 108-116. 

The most direct method of preparing ether is to add 4 to 8 of 
alcohol to 1 of strong sulphuric acid of 83 per cent., and to heat 
to 320° F. (160'' C.) under pressure. No distillation or sensible 
formation of sulphovinic acid necessary. Action of the acid com 
pared to that on the essential oils. A polymerizing action. 



ERRATUM. 

On page 261, hne 18, read '* eight hundred years," instead of *'livc 
hundred years." 



REPORTS OF SECTIONS. 



[Read before the Society on 30th April, 18S4.] 



1. Report of the Architectural Section for Session 1883-84. 

During the Session eight Meetings have been held. The follow- 
ing is a list of the papers read at those Meetings : — 

November 19, 1883. — Opening address by the President, James 
Sellars, Esq. ; and John Hay, Esq., Heating and Ventilating 
Engineer, read a paper, subject, " The Application and Compara- 
tive Value of the different kinds of Air- Warming Apparatus." 

Becetuhei' 3, 1883. — John Honejman, Esq., Architect, read a 
paper, subject, " Free Spaces in Densely Populate Districts, and 
how to Gain them." 

December 17, 1883. — Daniel Wilkie, Esq., Measurer, read a 
paper, subject, " Measuring, its Uses and Abuses;" and tlie dis- 
cussion of paper read by Mr. John Honeyman on December 3 
was continued. 

Jamuiry, 21, 1884. — William Forrest Salmon, Esq., Architect, 
read a paper, subject, ** Some observations on the Ventilation of 
Buildings." 

February 4, 1884. — JohnDansken, Esq., Measurer, read a paper, 
subject, " Notes on the Fire-Resisting Properties of the leading 
Building Materials;" and Alexander Muir, Esq., Builder, one on 
"The Past and Present of Mason Work." 

February 18, 1884. — Andrew Wells, Esq., Decorator, read a 
paper, subject, "The Rise and Development of Ornament." 

March 3, 1884. — David Thomson, Esq., Architect, resid a paper 
on "Sewage;" and A. Lindsay Miller, Esq., one on "Sanitary 
Plumber Work." 

March 17, 1884. — Discussion on paper read by Mr. John 
Dansken on February 4, and the closing address of the President, 
James Sellars, Esq. 

The thanks of the Section are due to all these gentlemen. 
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The Annual Business Meeting was held on the evening of 
Monday, 17th March, 1884, when the following gentlemen were 
elected to office : — 

President — James Sellars, Esq., Architect. 

Vice-Presidents — William Landless, Esq., Architect; and Alex. 
Muir, Esq., Builder. 

Treasurer — James Ho watt, Esq., Measurer. 

Secretary — A. Lindsay Miller, Esq., Architect, 121 West Regent 
Street. 

Members of Council — David Thomson, Esq., Architect ; W. F. 
Salmon, Esq., Architect; John Honcyman, Esq., Architect; T. L. 
Watson, Esq., Architect; Thomas Gildard, Esq., Architect; John 
Dan.sken, Esq., Measurer; William Howitt, Esq., Measurer; 
Robert Scott, Esq., Measurer; W. P. Buchan, Esq., Sanitary 
Engineer; William Gilfillan, Esq., Marble Cutt<>r. 

A. Lindsay Milleu, Architect, 

Secretary of Section, 

121 Wkst Recent Street. 



2. Report of the Chemical Section for Session 1883-84. 

During Session 1883-84 this Section held five General Meetings, 
at wliich the average attendance was 12. 

The Associates were also invited to attend two meetings of the 
Philosophical Society, at which communications from the Chemical 
Section were read. 

On February 20th, the second triemiial " Graham " Lecture, 
subject, "The Life and Work of Thomas Gniliam, late Master 
of the Mint," prepared by Dr. R. Angus Smith, F.R.S., was com- 
municated to the Philosophical Society, and the Chemical Section 
conjointly, by Professor Ferguson, one of the Vice-Presidents of 
the Chemical Section. 

The following is a list of papei-s contributed to the Section : — 

November 12, 1883. — *Oi)ening address by the President (R. R. 
Tatlock, Esq.). 

November 2G, 1883.— (1) Annual Business Meeting. (2) * " On 
the Separation of Cobalt and Nickel," by Dr. Clark. 
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December 10, 1883. — * "On the Use of Litmus, Methyl Oraiigc, 
Bosolic Acid, Phenacetoliu, and Phenol phthalein as Indicators : 
Part IT./' by Mr. Robert T. Thomson. 

January 14, 1884. — (1) * "Notes on the Analysis of Com- 
mercial Carbonate of Potash," by Mr. Robert T. Thomson ; (2) "On 
the Molecular Structure and Constitution of the Methyl and 
Ethyl Alcohols; as also, of their numerous Oxidation Products 
and Derivatives," by Dr. 0. Richter. 

February 11, 1884. — (1) " On Flour and Bread, and some other 
Alimentary Substances," by Dr. Wallace ; (2) " On the Use of 
Litmus, &c., as Indicators: Part III.," by Mr. R. T. Thomson. 

The papers marked with an asterisk (*) were recommended to 
the Council of the Philosophical Society for publication in the 
Proceedings. 

The following were the communications from the Chemical 
Section to the Philosophical Society : — 

January 19. — By Mr. J. J. Coleman — (1) "On a new method 
of Measuring the Heat-Conducting Power of '\'arious Materials, 
such as Wool, Cotton, Hair, etc. ;" (2) " On a new Thermometer 
for Measuring Low Temperatures, with Illustrations;" (3) "On 
Mithoffs Metallic Spiral Hygroscope, with Illustrations." 

February 6. — By Dr. J. J. Dobbie — " On the Recent Progress 
of Chemistry at Home and Abroad; a Plea for the Teaching of 
Higher Chemistry in this Country." 

Five gentlemen were elected Associates of the Section in the 
course of the Session. 

George G. Henderson, 

Hoiu Sec.f 

Chemical Laboratory, Univer.sity of Glasgow. 



3. Report of the Biological Section for Session 1883-84. 

A2)ril 26, 1882. — During the Session the President of the 
Section delivered an address, and Dr. W. Limont read a paper 
before the Philosophical Society. 

D. C. M*Vail, M.B., 

Sec, of Section, 
St. Jamks Terrace, Hilluead. 
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4. Report of thk Geographical and Ethnological Section 

FOR Session 1883-84. 

At tlie Annual Meeting of the Society, held on 21st November, 
1883, the following gentlemen were appointed office-bearers of the 
Section : — 

President— Vi . G. Bla^kie, Ph.D., F.R.G.S. 

Vice-Presidfmt — James Stevenson, F.R.G.S. 

Members of Council — Mr. Thomas Carlile, Dr. J. Christie, 
A.M. ; Mr. Michael Comial, Mr. William Ewing, Mr. James 
Grierson, Mr. Maxwell Hannay, Mr. \Vm. Ker, Mr. Thomas Muir, 
M.A., LL.D., F.R.S.E. \ Mr. Alex. Scott, Mr. John Steel, and 
Mr. W. Renny Watson. 

Secretary and IWeasurer — Geo. A. Turner, M.D., CM., 1 
Clifton Place, Sauchiehall Street. 

Three papers from this Section were read before General 
Meetings of the Society during the Session — 1st, an opening 
address by Dr. Blackie, as President of the Section, on "Geography 
and Ethnology, what these Embrace," on 5th March; 2nd, a paper 
by the Rev. Alex. Williamson, LL.D., of China, "On some of the 
Chief Features of the Physical Geography, including the Geology, 
of China," also on 5th March; and 3rd, a paper by Dr. Blackie, 
President, entitled, "Sketch of the present State of our Know- 
ledge of the Island of New Guinea," on 16th April. 

G. A. Turner, M.D., 

Secretaryy 

1 Clifton Place, Saucuiehall Street. 



5. Report of the Sanitary and Social Economy 
Section for Session 1883-84. 

The Sanitary and Social Economy Section had two meetings 
during the past Session, and had the Amendment of the Public 
Health Act of Scotland again under discussion. The Section 
recommended three papers to be read at the General Meetings of 
the Society. No other business was transacted during the Session. 

Eden. Duncan, M.D., 

Secretary^ 

4 UOY.VL CllEStKNT, CrOSSUILL. 



MINUTES OF SESSION. 



Joih April, 1883. 

The Eleventh and Last Ordinary Meeting of the Philosophical 
Society of Glasgow for Session 1882-83 was held on the 25th day 
of April, at eight o'clock p.m., in the Rooms of the Society, 207 
Bath Street — Dr. Wallace, President, in tlie Chair. 

1. The Minutes of the last Meeting of the Society, having been 
printed in the notice calling this Meeting, were held as read, and 
were confirmed, and signed by the Chairman. 

2. The following new Members were proposed, to be balloted 
for at the first Meeting of next Session : — 

Mr. William Ferguson, 116 St. Vincent Street. Proposed by 
Mr. James Thomson, F.G.S., Mr. A. Robertson, and Professor 
M*Kendrick. 

Mr. Robert Baird Paterson, Agent, Commercial Bank of 
Scotland, 180 Trongate. Proposed by Mr. James Thomson, 
F.G.S., Mr. A. Robertson, and Professor M*Kendrick. 

Dr. Turner, 2 Bellgrove Street. Proposed by Mr. Thomas 
Muir, M.A., Dr. Christie, and Professor M*Kendrick. 

3. Mr. Robert R. Tutlock read a paper prepared by Mr. George 
MacRoberts, F.C.S., NobeFs Explosives Company, Ardeer, ** On 
the Manufacture and Properties of Nitro-glycerine." Mr. Tatlock 
showed a number of experiments illustrating the manufacture 
and properties of nitro-glycerine. After some discussion, he and 
Mr. MacRoberts received the cordial thanks of the Societv. 

4. The following Memorial to the Earl of Rosebeiy and to the 
Lord-Advocate regarding the amendment of the Public Health 
(Scotland) Act, 1867, was approved, and the President and 
Seci*etary were authorised to sign it on behalf of the Society. 

(Printed at page 544 of Proceedings^ vol. xiv.) 



^Cl- 
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5. As a matter of urgeucy the President moved the suspension 
of the Standing Orders so as to ])ermit a motion to be discussed 
of which previous notice had not been given. This was agreed to. 
Mr. Mactear then moved, and Mr. Mayer seconded, a motion 
that the following gentlemen be appointed a Committee to watch 
the progress of legislative measures regarding the Patent Laws, 
and to petition the Houses of Parliament in terms similar to the 
petition presented by the Society in June, 1880 : — 

Sir William Thomson, Professor James Thomson, Mr. A. 
Whitelaw, Mr. Hunt, Mr. Day, Mr. J. Boyd, Mr. E. M. 
Dixon, Dr. Wallace, Mr. James Mactear, Mr. Fairweather, Mr. 
W. R. W. Smith, Mr. John Mayer, and Dr. M*Kendrick. 

The motion was unanimously agreed to. 

6. On the motion of Mr. Archibald Robertson, the Meeting 
nominated Dr. Henry Muirhead and Professor M*Kendrick to 
be Delegates from this Society to the Meeting of Representatives 
of similar Societies to be held at the Meeting of the British 
Association at Southport in September next. 

7. The Secretary read the Annual Reports from the Architectural, 
Chemical, and Sanitary and Social Economy Sections. Tliese were 
ordered to be printed in the Proceedings, No report from the 
Biological Section was presented, but the Secretary was authorised 
to receive one from the Secretary, and to print it in the Froceedings, 

8. Mr. John Mayer gave notice of the following motion for the 
first Meeting of next Session : — ** That the Society vote a sum 
of not exceeding Twenty Pounds in aid of a fund for erecting a 
Meteorological Observatory on Ben Nevis." 

(Signed) WILLIAM WALLACE. 



7th November, 1883, 

The Philosophical Society of Glasgow held its First Meeting for 
S^sion 1883-4, on the evening of the 7th November, 1883, at 
eight o'clock p.m., in the Rooms of the Society, 207 Bath Street — 
Dr. William Wallace, President, in the Chair. 
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1. The Minutes of last Meeting of the Society, having been 
printed in the notice calling this Meeting, were held as read, and 
were approved and signed by the Chairman. 

2. The following were proposed for election as Members of the 
Society, viz. : — 

Mr. Arthur Hart, Woodlands Terrace. Recommended by 
Mr. Archibald Robertson, Dr. W. J. Fleming, and Professor 
M'Kendrick. 

Mr. George A. Mitchell, Coal Master, 67 West Nile Street 
Recommended by Mr. Archibald Robertson, Mr. Michael Connal, 
and Professor M*Kendrick. 

Mr. William Grant Paton, 11 Kerrsland Terrace, Hillhead. 
Recommended by Mr. Walter E. Wingate, Mr. George Miller, 
and Mr. Edward Gillespie. 

Mr. James Thomson Tullis, Anchorage, Burnside, Rutherglen. 
Recommended by Mr. George M*Callum, Dr. Henry Muirhead, 
and Mr. John Kirsop. 

3. The President delivered an Address on " Crystalline Form," 
illustrated by numerous experiments and a fine collection of 
various kinds of Crystals. On the motion of Mr. J. J. Coleman, 
Dr. Wallace was accorded a very hearty vote of thanks. 

4. After some discussion, Mr. John Mayer withdrew his motion 
regarding the proposed grant to the Ben Nevis Observatory Fund. 

T). On the motion of the President, Mr. W. E. Wingate and 
Mr. Robert Goodwin were appointed Auditor of the Treasurer's 
Accounts for the past year. 

6. The President announced that the following gentlemen had 
been duly elected Members of the Society, viz. : — 

Mr. Robert J. Bennett, 8 Holland Place. Hccommendcd by 
Mr. James Paton, F.L.S., Professor M*Kendrick, and Dr. J. 
McGregor Robertson. 

Mr. J. M. Campbell, Assistant Curator. Kelvingi'ove Museum. 
Recommended by Mr. James Paton, Professor M*Kendrick, and 
Dr. J. McGregor Robertson, 
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Mr. Henry Dyer, M.A., O.E., Dunrowan, Lenzie. Recom- 
mended by Mr. David Sandeman, Mr. K M. Dixon, B.Sc., and 
Mr. John Mann, C.A. 

Mr. William Ferguson, 116 St. Vincent Street. Recommended 
by Mr. Archibald Robertson, Professor M*Kendrick, and Dr. 
David Newman. 

Mr. Robert Baird Paterson, Agent, Commercial Bank of Scot- 
land, 180 Trongate. Recommended by Mr. Archibald Robertson, 
Professor M*Kendrick, and Dr. David Newman. 

Mr. Alexander Sinclair, Ajmere Lodge, Langside. Recom- 
mended by Mr. John Kirsop, Mr. John Barclay, and Mr. 
Archibald Robertson. 

Mr. D. Sinclair, Electrical Engineer, National Telephone Coy. 
(Limited), 8a Royal Exchange Buildings. Recommended by Mr. 
Wallace Fairweather, C.E., Dr. David Newman, and Professor 
M*Kendrick. 

Mr. R D. Smillie, M.S.T.E. and E., Electrician, National 
Telephone Coy. (Limited), 13 Royal Exchange Square. Recom- 
mended by Mr. Wallace Fairweather, C.E., Dr. David Newman, 
and Professor M*Kendrick. 

George Turner, M.D., 1 Clifton Place, Sauchiehall Street. 
Recommended by Mr. Thomas Muir, M.A., Dr. James Christie, 
and Profes.sor M*Kendrick. 

Mr. E. D. Dunlop, Iron Merchant, 68 St. Vincent Street, 
Glasgow. Recommended by Mr. G. A. Waghom, Mr. John 
Mami, C.A., and Dr. J. McGregor Robertson. 

(Signed) WILLIAM WALLACE. 



21st November^ 1883, 

The Philosophical Society of Glasgow held its Eighty-second 
Annual Meeting on the evening of the 21st November, 1883, at 
eight o'clock p.m., in the Rooms of the Society, 207 Bath Street — 
Dr. William Wallace, President, in the Chair. 
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1. The Minutes of last Meeting of the Society, having been 
printed in the notice calling this Meeting, were held as read, and 
were approved and signed by the Chairman. 

2. The following new Members were admitted : — 

Mr. Robert J. Bennett, 8 Holland Place; Mr. J. M. Campbell, 
Kelvingrove Museum; Mr. Henry Dyer, M.A., C.K, Dunrowan, 
Lenzie; Mr. William Ferguson, 1 16 St. Vincent Street; Mr. Robert 
Baird Paterson, 180 Trongate; Mr. Alexander Sinclair, Ajmere 
Lodge, Langside ; Mr. D. Sinclair, 8a Royal Exchange Buildings ; 
Mr. R. D. Smillie, M.S.T.E. and E., 13 Royal Exchange Square; 
George Turner, M.D., 1 Clifton Place, Sauchiehall Street; Mr. 
E. D. Dunlop, 68 St. Vincent Street. 

3. Tlie following were proposed for the Membership of the 
Society : — 

Mr. Francis Walter Allan, Merchant, 15 Gordon Street. 
Recommended by Mr. Michael Connal, Mr. Nathaniel Dunlop, 
and Mr. Alexander Scott 

Mr. John Edwards, Govanhaugh Dyeworks. Recommended by 
Mr. J. Walker MacGregor, i\Ir. John Barclay, and Mr. John 
GaiToway. 

Mr. George G. Henderson, B.Sc, 1 Westboume Terrace, Kelvin- 
side. Recommended by Professor Ferguson, Dr. James J. Dobbie, 
and Professor M*Kendrick. 

Mr. James Goldie, 40 St. Enoch Square. Recommended by 
Mr. James Howat, jNFr. William Howatt, and Mr. A. Lindsay 
Miller. 

Mr. A. C. Maciutyre, 4 Park Teirace, Queen's Drive. Recom- 
mended by Mr. John Mann, Professor M*Kendrick, and Mr. 
Ai*chibald Robertson. 

Dr. Angus Macphee, 327 St. George's Road. Recommended 
by Professor M'Kendrick, Mr. John Mann, and Mr. Archibald 
Robertson. 

Mr. Robert George Munsie, 16 Royal TeiTace, West. Recom- 
mended by Mr. John Birkmyre Wingate, Dr. John Clark, and 
Mr. James King. 

Mr. Joseph F. Newlands, Stockbroker, 28 Renfield Street. 
Recommended by Professor M'Kendrick, Mr. John Kirsop, and 
Mr. Robert Paterson. 
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Mr. Walter Steuart, 12 Pollok Road, Pollokshaws. Recom- 
mended by Mr. James Barclay Murdoch, Mr. Archibald Robert- 
son, and Mr. John M. Cunningham. 

Mr. John S. Stewart, Measurer, 42 Bath Street. Recommended 
by Mr. John Mann, Professor M*Kendrick, and Mr. Archibald 
Robertson. 

Mr. David Inglis Urquhart, Merchant, 47 Westboume Gardens. 
Recommended by Mr. Charles H. Barclay, Professor M*Kendrick, 
and Mr. John Mann. 

Mr. Charles Watt, Merchant, 13 Dundas Street. Recommended 
by Mr. William Couper, Mr. Alexander Whitelaw, and Mr. W. E. 
Wingate. 

4. Professor M*Kendrick, Secretary, read the Annual Report 
by the Council on the state of the Society, which was, on the 
motion of Mr. Nathaniel Dunlop, seconded by Mr. Archibald 
Robei*tson, adopted, and ordered to be printed in the Proceedings, 
The Report was as follows : — 

Report on the State op the Society by the Council 

FOR Session 1882-3. 

I. Meetings, — The Society held eleven ordinary and two special Meetings 
(luring the Session, which was opened on the 1st of November, 1882, and 
closed on 25th April, 1883. Eighteen papers were read at these Meetings. 

II. Membership, — The number of Members on the Roll at the beginning 
of Session 1882-3 was 676 ; during the Session 30 new Members were elected, 
making 706. Of these, 31 have resigned, 3 have left Glasgow— their names 
being placed on the Suspense List — 15 have died, and 2 have been struck 
off the Roll for non-payment of annual subscriptions ; leaving on the Roll, 
at the beginning of the present Session, 655 Members, being a decrease 
of 21. Of the 30 new members, 3 became Life Members ; 6 Ordinary 
Members also paid the composition for Life Membership during the Session. 
On the 31st of January Principal Dawson of Montreal was elected an 
Honorary Member, in room of the late Dr. Andrew Buchanan, and a 
vacancy has again been created in the list of Honorary Members by the 
death of General Sir Edward Sabine. There are at present 19 Honorary 
Members, of whom 6 are Continental, 4 are American or Colonial, 
and 9 are British. On the 31st of January the Society elected 6 new 
Corresponding Members, all of whom are distinguished in science. The 
number of Corresponding Members is now 10. The total number of Life 
Members is 54. 

III. Sections. — During the Session the Architectural Section held 8 
Meetings, at which 10 papers were read; of these, 2 appear in the 
Proceedings. The Chemical Section held 10 Meetings, at which 12 papers 
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were read, and of these 7 appear in the Proceedings, The Biological 
Section contributed the address of its President, which was delivered 
at an Ordinary Meeting of the Society, and is printed in the Proceedings, 
The Sanitary and Social Economy Section sent 2 papers to be read at 
Ordinary Meetings of the Society, both of which appear in the Proceedings. 
This Section also spent much time and labour in considering the Amend- 
ment of the Public Health (Scotland) Act, 1867, and the results of its 
deliberations were embodied in a Memorial, which was adopted by the 
Society, and presented to the Earl of fiosebery and the Lord Advocate. 

The Council also reports ^ith satisfaction that a Geographical and Ethno- 
logical Section was formed on 11th of April, and Office- Bearers were 
appointed provisionally until the Annual Meeting. This Section was 
formed in consequence of the practical interest excited by the valuable 
geographical paper contributed by Mr. James Stevenson, F.K.G.S. ; and it 
is to be hoped that a department of science of such importance to a great 
commercial community will receive support by the communication of papers 
and the exhibition of objects illustrating the manners and customs of little- 
known races of men. There are now five Sections of the Society, two of 
which hold Meetings of their own, whilst all contribute to the Ordinary 
Meetings and to the Proceedings. 

IV. Proceedings.— The Proceedings of the Society for 1882-3, Vol. XIV., 
form a larger volume than usual, containing '2i Papers, 23 Plates, and 3 
Maps. For the 3 Maps the Council is indebted to Mr. James Stevenson, 
and for the cost of printing the 14 beautifully-finished Plates, illustrating 
Mr. James Thomson's paper, and drawn by Mr. Thomson himself, the 
Council has to acknowledge the generosity of Dr. Henry Muirhead. It 
would greatly facilitate the working of the Society, and ensure the early 
publication of the Proceedings^ if contributors of papers would have their 
papers in as complete a form as possible at the time they are communicated 
to the Society. 

V. Petitions. — During the Session the Society forwarded Memorials to 
the Earl of Rosebery and to the Lord Advocate regarding the Amendment 
of the Public Health (Scotland Act, 1867, and also a Petition to the House 
of Commons regarding the ** Patents for Inventions Bill." 

Signed, by Order and on behalf of the Council, by 

JOHN G. M'KENDKICK, 
Secretary. 

5. The Audited Statement of Accounts for Session 1882-83, by 
Mr. John Mann, the Treasurer, having been printed in the 
Circular calling the Meeting, was held as read, was approved of, 
and was ordered to be printed in the Proceedings.. A vote of 
thanks to the Treasurer was carried unanimously. A vote of 
thanks was also accorded to Mr. W. E. Wingate and Mr. Robert 
Goodwin, the Auditors. The Statement was as follows: — 

(See pp. 370, 371.) 
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G. Mr. John Robertson, Librarian and Convener of the Library 
Committee, read the Annual Report on the Library, which was 
adopted, and was ordered to be printed in the Proceedings. Tlie 
Report was as follows : — 

Report of the Library Committee. 

Your Committee have pleasure in reporting that the new Catalogue of 
the liooks in tlie Library of the Society, containing 183 pages, with title, 
regulations, and contents, was distributed to the Members in January last. 

During the past year 912 volumes were issued to 737 Members. Since 
last Report 249 volumes, 45 parts of works, and 22 pamphlets have been 
added to the Library. Of the periodicals received 23 are weekly, of which 
18 are 1)ought and 5 presented ; 3 are fortnightly, of which 1 is bought and 
2 presented; 3G are monthly, of which 2(> are lx>ught and 10 presented; 
21 are quarterly, of which 15 are bought and 6 presented. These form 128 
volumes a year. 

Exchanges of Transactions and other publications are made with 122 
Societies and Public Departments. Correspondence has been opened up 
with the Wagner Free Institute of Science, Philadelphia. 

151 volumes were added to the Library by purchase. 92 volumes, 45 
parts, and 22 pamphlets were presented; and the thanks of the Society 
are due to the donors. Acknowledgment of the presentations during 
Session 1882-3 will be found in the Proceedings^ where a complete list of 
the additions for that year, and of the names of the Societies and Public 
Departments with which publications are excliauged, has been printed. 

182 volumes were bound during the past year, and 9 are still in the 
hands of the binder. 

The number of volumes at present in the Library is 8954. 

(Signed) JOHN liOBERTSON, 

Com^mr. 

A si)ecial vote of thanks was unanimously given to Mr. 
Robertson. 

7. The Society then proceeded to the election of Office-Bearers. 

(1) It was moved by Dr. William Wallace, the retiring Presi- 
dent, that Dr. Henry Muirhead be elected President for the next 
three years. Tlio motion was carried by acclamation, and Dr. 
Muirhead took the chair as President. 

(2) It was moved by Mr. Michael Connal, the retiring Vice- 
President, that Mr. Alexander Scott be elected a Vice-President 
of the Society for the next three years. Tlie motion was passed 
unanimously. 

Vol. XV. 2 a 
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Dp. 

1882.— Nov. 1. 

To Balance in Treasurer's hands from last session, . 

1883.— Oct. 31. 
To Entry-money from 30 New Members, at 21 s. , 
,, Annual Dues from 1 Member 

for 1881-82, at 21s., . .£110 

,, Annual Dues from 590 Ordinary 

Members for 1882-83, at 2l8,, 019 10 
Annual Dues from 27 New 
Members for 1 882-83, at 2 1 a. . 28 7 



ARSTRACT OF TREASURER\S 

£2 12 1 



£31 10 



>» 



,, Life Subscription from .3 New 

Members, at £10 lOs., . £31 10 

,, Life Subscription from Old 

Members, at £10 lOs., . 03 



(US 18 



94 10 





£0 10 
7 .") 







,, Chemical Sectiox— 

2 Associates for 1881-82, at 5s., . 
20 do. 1882-83, at Ss., . 

.. Alien ITE(TURAL SECTION— 

25 Associates' fees between IGth Marcli, 1882, and 21st 
March, 1883, at 5s., . . . . 

,, Corporation of Glasgow, Interest on ** Exhibition Fund ' 

for 5'ear to Whitsunday, 1883— less Income Tax, 
,, Interest from Bank, .... 

,, Proceedings, Catalogues, &c., sold, 
., Clydesdale Bank, Limited, drawn, 
,, Balance due Treasurer, .... 



£774 18 



7 15 



<> 5 

20 1 5 

4 7 

1 5 

210 

40 7 lU 



y 



£1,067 11 54 

Memo, hi/ Treasurer. — The Amoimt of the Society's Funds invested in 
the Bath Street Joint Buildings up to 31st October, 1883, is £3,547 8$. Ud., 
of which, raid in Cash from Society's Funds, £1,547 8 U 
Do. do. from Private Loans, . 500 O" 
Do. from Society's half of £3,000 

Bond over Buildings, . . 1,500 

£3,647 8 14 



J. M. 
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ACCOUNT-SESSION 1882-83. 

1883.— Oct. 31. 

By Salary to Secretary, . . £75 

,, Allowance for Treasurer's Clerks, . . 15 

,, Demonstrations at Lectnres, 1881, £20: 

1882, 10s., . . . . . 20 10 

,, Reporting, . . . . .220 



Cp. 



,. New Books, Periodicals, and Foreign 
Periodicals, .... 

., Bookbinding, two years, 

., Printing Circulars, /Voc^f<//M<7/«, &c., 

,, Library Catalogues, 

,, Lithograi)hs for /Voce"^(/iWf//*, 

,, Postage and delivery of ('irculars, Letters, 
and Parcels, .... 

. . Diplomas and Stationery, . 



€01 10 G 

(>3 10 8 

249 

04 () 4 

29 i:^ 

.3(; 10 () 

() 15 8 



lA'SSy Contributions by Authors to cost of 
Illustrations. 



£572 14 



3 






Fire Insurance on Library for £5,400, £5 17 

Postages, &c.— per Treasurer, £1 los. lOd. ; 



»> 



per Secretary, £7, 
Interest on Loans of £300 and £200, 

Subscriptions to Socilties — 
Rav Society, 1883, 
Palu^ontographical Society, 1883, 



S 15 10 
25 



£1 1 
1 1 



»« 



>• 



« « 



Chemical Section - 
Expenses per Treasurer of Section, 

AiaiiiTECTrHAL Section— 
Expenses per Treasurer of Section, 

Sanitahy SEcmoN— 
Expenses per Secretary of Section, 

Bath Street Joint Buildincs— 
Society's li«ilf of West Mean ( iable. 

Joint Expenses of Rooms — 

Society's half of Interest on Bond, Insurance, Taxes, 
Cleaning, Lighting, and Heating, Salaries of Sub- 
Librarian and Assistant — less hiuf of Revenue from 
Letting, ...... 

Clydesdale Bank, Limited, Lodged. 



£112 12 



5G9 8 



39 13 5 
2 2 

5 2 \n 

7 14 8i 
10 
47 G 2.> 



143 2 2 
140 

£1,067 11 5.i 



Glasgow, 14th November, 1883, — We, the Auditors appointed by the 
Society to examine the Treasurer's Accounts for the year 1882-83, have 
examined the same, of which the above is an Abstract, an<l have found them 
correct, the Balance due to the Treasurer at 31st October last being 
Forty Pounds Seven Shillings and Elevenpence Halfpenny. 

(Signed) W. E. WINC4ATE. 

ROBERT GOODWIN. 
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(3) The President moved the re-election of Mr. John Robertson 
as Librarian, Mr. John Mann as Treasurer, and Professor 
M*Kendrick as Secretary, and these were unanimously re-elected 
to their respective offices. 

(4) It was moved by Mr. Nathaniel Dimloi>, and seconded by 
Mr. A. Whitelaw, that Mr. Archibald Robertson, Mr. Michael 
Connal, Professor Blyth, Principal Jamieson, Mr. James Nicol, 
and Mr. E. M. Dixon bo elected to the six vacancies in the 
Council occasioned by the retirement by rotation of Dr. Car- 
michael, Mr. Nathaniel Dunlop, Professor Jack, and Mr. 
Archibald Robertson, and by the election of Dr. Henry Muirhead 
as President and of Mr. Alexander Scott as Vice-Pi*esident. The 
following gentlemen were also proposed and seconded: — Mr. 
Robert Goodwin and Mr. J. J. Coleman. The Society then 
balloted for six Membei-s of Council — Mr. David Mackinlay and 
Mr. A. Whitelaw being appointed Scrutineer. The Scrutineers 
reported that the following had the greatest number of votes, 
viz.: — Mr. Michael Connal, 52; Mr. Archibald Robertson, 51; 
Professor Blyth, 50; Pnncipal Jamieson, 4G; Mr. E. M. Dixon, 
46; and Mr. James Nicol,^34. These gentlemen wei'e therefore 
declared by the Chairman to have l)een duly elected Members of 
Council — Mr. Dixon to hold office for two years, in room of Dr. 
Henry IVIuirhead, and Mr. Nicol to hold office for one year, in 
room of ]Mr. Alexander Scott. 

8. Dr. Christie, in accordance with th(» resolution of the 
Society of dat<* 11th April, 1883, moved that the following be 
elected Office-bearers of the Geographical and Ethnological Sec- 
tion .—Presvlent, W. G. Blackie, Ph.D., F.R.G.S. ; Vice-President, 
Mr. James Stevenson, F.R.G.S. ; Secretary, George A. Turner, 
M.D. ; Members of Council — Mr. Maxwell Han nay, Mr. John 
Steel, Mr. William Ker, Mr. Thomas Carlile, Mr. Michael Connal, 
Mr. Thomivs Muir, M.A., F.R.S.E. ; Mr. James Grierson, Mr. W. 
Renny Watson, Mr. Alexander Scott, Mr. William Euing, and 
James Christie, M.A., M.D. On the suggestion of Mr. Alexander 
Scott it was agreed that the names of Members of Council be 
arranged alphabetically, and that the first four retire at the 
end of one year, the second four at the end of two years, and the 
remainder at the end of three years, thus establishing the principle 
of rotation. 
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9. The President moved, aiid Professor M'Kcndrick seconded, 
a motion that the thanks of the Society be given to Dr. William 
Wallace for the able and zealous manner in which he had discharged 
the duties of President during the last thrcc yeai-s. The motion 
was carried by acclammation. 

10. Mr. Henry Dyer, M.A., C.E., read a paper "On Technical 
Education, with special reference to the requirements of Glasgow 
and the West of Scotland." On the motion of the President, a 
vote of thanks was awarded to Mr. Dyer. It wjis agreed to print 
the paper immediately, and it was left to th(^ Council to circulate 
amongst Members of the Society and others interested in the 
question such a number of copies as they might deem advisable. 
The discussion of the paper was adjourned till the 5th of December. 

1 1 . The President announced that the following gentleinen had 
been duly elected Members of the Society : — 

Mr. Arthur Hai-t, Woodlands Terrace; Mr. George A. Mitchell, 
Coal Master, C7 West Nile Street; Mr. William Grant Paton, 
1 1 Kersland Teirace, Hillhead ; Mr. James Thomson Tullis, 
Anchorage, Burnside, Rutherglen. 

(Signed) HENRY MUIRHEAD. 



oth December^ ISSS, 

TIkj Second Ordinary Meeting for Session 1883-4 was held oji 
the evening of the 5th of December, 1883, at eight o'clock p.m., 
in the Rooms of the Society, 207 Bath Street — Dr. Henry 
Muirhead, President, in the Chair. 

1. The Minutes of last Meeting of the Society, having been 
printed in the notice calling this Meeting, were held as read, and 
were approved and signed by the Chairman. 

2. The following new Members were admitt<?d : — 

Mr. Arthur Hart, Woodlands Terrace ; Mr. George A. Mitchell, 
Coal Master, 67 West Nile Street ; Mr. William Grant Paton, 
11 Kersland Ten-ace, Hillhead; Mr. James Thomson Tullis, 
Anchoiuge, Burnside, Rutherglen. 



.')7 i r/iliosojj/iioU tiuciclij of (tlasyuu:. 

X Tlu^ followiu-j; were proposed for the Mombei*ship of tli<? 
Society : — 

Mr. William Ewing, 7 Koyal Bank Place. Kecommended by 
Dr. George A. Turner, Dr. James Clinstie, and Professor 
M*Kendrick. 

Mr. Jame.s Yate Johnson, CE. and Patent Agent. Recom- 
mended by Mr. St. John V. Day, C.E., F.R.S.E, Mr. William- 
Rennv Watson, and Mr. James Thomson. 

Mr. C. Brown Ritchie, Writer, 79 West Regent Street. Recom- 
mended by Mr. John Mayer, F.C.S., Mr. James Sellara, Architect, 
and Dr. Abmham Wallace. 

Rev. F. L. Robertson, D.D., 201 Bath Street. Recommended 
by Dr. W\ G. Blacki(N F.R.CJ.S., Mr. J. Alexander Blackie, and 
Mr. William Ker. 

Mr. Thomas M. Welch, Engineer, G;J St. Vincent Crescent. 
Recomfnended by Mr. Anthony Inglis, Mr. John Inglis, and ^Ir. 
William Xowery. 

Mr. John G. Hudson, 18 Aytoun Road, Pollokshiekls. Recom- 
mended by Mr. St. John V. Day, C.E., Sir William Thomson, and 
Mr. R. A. Robertson. 

1. Mr. William Foulis, O.E., showed a number of Ijeautiful 
(.'xperiments with Gas Flames, and moi*e especially an Incandescent 
(Tas-burner. He was awaixled a vote of thanks. 

5. A discussion took place on ^Lr. Henry Dyers Paper on 
Technical Education, read on the 2 1 st of Novembtn-. The discussion 
was opened by Mr. E. M. Dixon, B.Sc, and was carried on by 
Professor James Thomson, Dr. W. G. Blackie, the Rev. Dr. 
Williamson, the Rev. Dr. F. L. Robertson, !Mr. Walter Macfarlaue, 
;Mr. D. M. Nelson, Mr. Andrew Jamieson, Mr. Jolui Honeyman, 
Mr. Thomas Muir, Mr. Nathaniel Dunloj), and Mr. Fife. Mr. 
Dyer having briefly n»plied, the discussion was brought to a close 
by a vote of tlianks being awarded to Mr. Dyer. 

G. The President announced that the following gentlemen had 
been duly elected Members of the Society : — 

Mr. Francis Walter Alhui, Merchant, \d Gordon Street; Mr. 
John Edwards, Govanhaugh Dycworks; Mr. George G. Hcndei-son, 
B.Sc, 1 Westbourue Ternicc, Kelvinside; Mr. James Goldie, 40 
St. Enoch Square; Mr. A. 0. Macintyre, 4 Park Teimcc, Queens 
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Drive; Dr. Angus Macpliec, 327 8t. (Jeorge's Kotod; Mr. Kobert 
George Muiisie, 16 Royal Terrace, West; Mr. Joseph F. New- 
lands, Stockbroker, 28 Renlield Street; Mr. Walter Steuart, 12 
Pollok Road, Pollokshaws; Mr. John 8. Stewai-t, ^leasurer, 42 
Bath Street; Mr. David Inglis Urquliart, Merchant, 47 West- 
bounie Gardens; Mr. Charles Watt, Merchant, 13 Dundas Street; 
Mr. Hugh Bamett, Merchant, Elm wood, Crossbill; Mr. James 
Barr, C.E. and Surveyor, 132 West Regent Street; Mr. Thomas 
Buchan, Brassfoiuider, 249 Argyle Street; Mr. R. M. Downie, 1 
Dundas Street; Mr. David M*Houl, Ph.D., Buchanan Villa, 
Shawlands; Mr. William Copland Wood, Alexandria Turkey-red 
Works; Mr. William A. Verel, The Liim, Cathcart; Mr. Archi- 
bald H. Ewing, 41 St Vincent Place. 

(Signed) HENRY MUIRHEAD. 



I9th December, 188J, 

The Tliird Ordinarv Meeting? for Session 1883-4 was held on 
the evening of the 19th of December, 1883, at eight o'clock p.m., 
in the Rooms of the Society, 207 Bath Street — Dr. Henry Muir- 
licad. President, in the Chair. 

1. The Minutes of last Meeting of the Society, having been 
printed in the Notice calling this Meeting, were held as read, and 
were approved and signed by the Chairman. 

2. The following new Members were admitted : — 

Mr. Francis Walter Allan, Merchant, 15 Goi-don Street; Mr. 
John Edwards, Govanhaugh Dye works; Mr. George G. Henderson, 
B.Sc, 1 Wcstbourne Teirace, Kelvinside; Mr. James Goldie, 40 
St. Enoch Square; Mr. A. C. Macintyre, 4 Park Terrace, Queen's 
Drive; Dr. Angus M*Phee, 327 St. George's Road; Mr. Robert 
George Munsie, 16 Royal Termce, West; Mr. Joseph F. New- 
lands, Stockbroker, 28 Renlield Street; Mr. Walter Steuart, 12 
Pollok Road, Pollokshaws; Mr. John S. Stewart, Measurer, 42 
Bath Street; Mr. David Inglis Urquhart, Merchant, 47 West- 
bourne Gardens; Mr. Charles Watt, Merchant, 13 Dundas Street; 
Mr. Hugh Bamett, Merchant, Elm wood, Crossbill; Mr. James 
Barr, C.E. and Surveyor, 132 West Regent Street; Mr. Thomas 
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Buchan, Brassfounder, 2i9 Argyle Street; Mr. R. M. Downie, 1 
Diindas Street; Mr. David M*Houl, PLD., Buchanan Villa, 
Shawlands; Mr. William Copland Wood, Alexandiia Turkey-red 
Works; Mr. William A. Verel, The Linn, Cathcart; Mr. Archi- 
bald H. Ewing, 41 St. Vincent Place. 

3. The following were proposed for the Membership of the 
Society : — 

Mr. Robert Scott, Measurer, 163 West George Street. Recom- 
mended by Mr. James Mowatt, Mr. A. Lindsay Miller, and Mr. 
David Thomson. 

Mr. Rankin Kemiedy, ElectriciaD, Rosehill Works, Polmadie. 
Recommended by Mr. Wallace Fair weather, C.E., Dr. Henry 
Muirhead, and Mr. John Mann. 

4. Dr. William Wallace read a paper ** On the Decline in 
the use of Coffee in this Country," for which he was awarded a 
vote of thanks. A discussion ensueil, in which Dr. Robert Bell, 
Dr. Williamson, Mr. J. J. Coleman, Mr. James Thomson, F.G.S., 
and Mr. T. L. Pattei-son, Greenock, took part. 

5. Principle Jamieson read a paper '* On Tests of Aluminium 
and Copper Wii-e for Electric pui-poses,'' for which he received the 
thanks of the Society. 

G. Dr. J. J. Dobbie read a paper "On an improved form of 
Goniometer," and exhibited the instrument. 

7. Dr. Dobbie also exhibited and explained an Apparatus 
designed by him for "Illustrating Crystallographic Axes." The 
thanks of the Society wei-c voted to Dr. Dobbie for both of his 
communications. 

8. Notice of the following motion for next Meeting was given 
on behalf of Mr. J. Oleland Bums, viz. : — " That a deputation 
from this Society be appointed to wait upon the Lord- Advocate in 
Edinburgh, for the purpose of explaining to him the urgent 
necessity which exists for the amendment of * The Public Health 
(Scotland) Act, 1867,' in accordance with the Memorial sent by 
this Society to his Lordship and to Lord Rosebery last Session." * 

* Vuk Society's Proceedings for 1882-83, vol. xiv., p. 544. 
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y. The President announced that the following gentlemen had 
been duly elected Members of the Society : — 

Mr. William Ewing, 7 Royal Bank Place; Mr. James Yate 
Johnson, C.K and Patent Agent, 115 St. Vincent Street; Mr. C. 
Brovm Eitchie, Writer, 79 West Regent Street; Rev. F. L. 
Robertson, D.D., 204 Bath Street; Mr. Thomas M. Welch, 
Engineer, 63 St. Vincent Crescent; Mr. John G. Hudson, 18 
Aytoun Road, PoUokshields ; Mr W^illiam Begg, Wire Cloth 
Manufacturer, 636 Springfield Road, Parkhead ; Mr. Alexander 
Nicholson, Jun., Boilermaker, 6 Annfield Place, Glasgow. 

(Signed) HENRY MUIRHEAD. 



[nil JaniMri/y 188 4- 

The Fourth Ordinary Meeting for Session 1883-4 was held on 
the evening of the 9th of January, 1884, at eight o'clock p.m., in 
the Rooms of the Society, 207 Bath Street — Dr. Henry Muirhead, 
President, in the Chair. 

1. The Minutes of last Meeting of the Society, having been 
printed in the Notice calling this Meeting, were held as read, and 
were approved and signed by the Chairman. 

2. The following new Members were admitted: — 

Mr. William Ewmg, 7 Royal Bank Place; Mr. James Yate 
Johnson, C.E. and Patent Agent, 115 St. Vincent Street; Mr. 
R. Brown Ritchie, Writer, 79 West Regent Street; Rev. F. L. 
Robertson, D.D., 204 Bath Street; Mr. Thomas M. Welch, 
Engineer, 63 St. Vincent Crescent; Mr. John G. Hudson, 18 
Aytoun Road, PoUokshields; Mr. William Begg, Wire Cloth 
Manufacturer, 636 Springfield Road, Parkhead; Mr. Alexander 
Nicholson, Jun., Boilermaker, 6 Amiiield Place. 

3. The following gentleman was proi)osed for the Membership 
of the Society : — 

Mr. George Christie Young, Timber Merchant, City Saw Mills, 
Port-Dundas. Recommended by Mr. E. M. Dixon, Dr. James 
Morton, and Mr. John Mann. 
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4. iSii* William Thomson i*ead a paixjr " On the Measurement 
of Electric Currents and Potentials," illustrated by a variety of 
Instruments, the mechanism and manner of using which were 
explained^ with suggestions for future instruments. Principal 
Jamieson and Professor Blyth offered a few remarks. 

5. Sir William Thomson afterwards submitted a paper " On 
Measurements made by Mr. Abdank and himself in the Vienna 
Electric Exliibition on the cuiTent yielded by the new Voltaic 
element of Lalande." A cordial vote of thanks was passed to Sir 
William for his valuable communications. 

6. In the absence of Mr. J. Cleland Bums, Dr. Eben. Duncan, 
on his behalf, gave renewed notice of the following Motion for 
next Meeting, viz. : — " That a deputation from this Society Ixj 
appointed to wait upon the Loixi Advocate in Edinburgh, for the 
})uqK)sc of explaining to him the urgent necessity which exists 
for the Amendment of *The Public Health (Scotland) Act, 1867,' 
in accordance with the Memorial sent by this Society to his Lord- 
ship and to Lord Rosebery last Session.''* 

7. The President announced that the following gentlemen had 
been duly elected Members of the Society : — 

Mr. Robert Scott, Measurer, 163 West George Street ; Mr. 
Rankin Kennedy, Electrician, Rosehill Works, Polmadie. 

(Signed) HENRY MUIRHEAD. 



2Srd January, 1884. 

The Fifth Oixlinary Meeting for Session 1883-84 was held on the 
evening of the 23rd of January, 1884, at eight o'clock p.m., in 
the Rooms of the Society, 207 Bath Street — Dr. Henry Muirhead, 
President, in the Chair. 

1. The Minutes of last Meeting of the Society, having been 
printed in the notice calling this Meeting, were held as read, and 
were approved and signed by the Chairman. 
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Vide Society's Proceedings for 1882*83, vol. xiv., p. 544. 
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'1. The following new Membera were admitted : — 

Mr. Kobci-t Seott, Measurer, 163 West George Street; Mr. 
Rankin Kennedy, Electncian, Rosehill Works, Polniadic. 

3. An *' Analysis of the Dust-rain which fell during the Eruption 
of Cracatoa, JaN a, 27th August, 1883," communicated by Mr. Jas. 
L. Mitchell, was exhibited, and remarked on by the President, Dr. 
Wallace, and 3Ir. John Mayer. 

4. Mr. J. J. Coleman, F.I.C., F.C.S., read a paper ''On a New 
Method of Measuring the Heat-conducting Power of various 
Materials, including Wool, Cotton, Hair, Wood-shavings, Wood- 
char, Breeze, &c.'' Professor James Thomson, Mr. H. K. Brom- 
head, the President, Dr. Wallace, and Mr. N. Dunlop made a few 
remarks on the subject, and ^Ir. Coleman replied. 

."). Mr. Coleman read another paper '* On a New Thermometer 
for Measuring Low Tempenitures,*' illustrated by apparatus 
designed by him, including suggestions for a large-scale Theimo- 
mctcr for ordinary temperatures. Mr. Mayer, Professor James 
Thomson, Dr. Wallace, and Mr. Alexander Scott took part in a 
short discussion which followed. 

G. Mr. Colcmuu read a third paper " On Mithoff's Metallic 
Spiral Hygi'oscope,"' which was shown in action, with other instru- 
ments. Dr. Eben. Duncan and ^Ir. Mayor ofiercd a few I'emarks, 
and Mr. Coleman replied. A hearty vote of thanks was given to 
Mr. Coleman for these three papers, which were communications 
from the Chemical Section. 

7. In absence of Mr. J. Cleland Burns, Dr. Eben. Duncan 
moved, in teims of notice — " That a deputation from this Society 
be ai)pointed to wait upon the Lord-Advocate in Edinburgh, for 
the purpose of explainmg to him the urgent necessity which exists 
for the Amendment of * The Public Health (Scotland) Act, 1867,* 
in accordance with the Memoiial sent by this Society to his 
Lordship and to Lord Rosebery last Session,'* which was seconded 
by Mr. W. R. W. Smith. 

Mr. Jolui Mayer moved " the previous question," which was 
seconded by Mr. Arcliibald Robertson. 

A discussion followed, in which Dr. Wallace, Mr. Smith, the 
President, Dr. Morton, Mr. Alex. Scott, and Dr. Duncan took 
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part, the feeling of the oppoueiits of the Motion being that, while 
the objects advocated in the Memorial were very desirable, yet, to 
send a Deputation would be an innovation on the practice of the 
Society, and might become an inconvenient precedent Ultimately 
the Motion was withdrawn. 

8. The following gentleman was proposed for the Membership 
of the Society : — 

Mr. Samuel Marks, Oil Merchant, 5 Whitehill Gardens, Dennis- 
toun. Recommended by Mr. J. J. Coleman, Mr. Alexander Scott, 
and Mr. Archibald Robertson. 

9. The President announced that the following gentleman, 
balloted for, had been duly elected a Member of the Society, 
viz.: — 

Mr. George Christie Young, Timber Merchant, City Saw Mills, 

Port-Dundas. 

(Signed) HENRY MUIRHEAD. 



0th February, 1S84, 

The Sixth Ordinary Meeting for Session 1883-4: was held on tbe 
evening of the 6th February, 1884, at eight o'clock p.m., in the 
Rooms of the Society, 207 Bath Street — Dr. Henry Muirhead, 
President, in the Chair. 

1. The Minutes of last Meeting of the Society, having been 
printed in the notice calling this Meeting, were held as read, and 
were approved and signed by the Chairman. 

2. The following new Member was admitted : — 

Mr. George Christie Young, City Saw Mills, Port-Dundas. 

3. Dr. J. J. Dobbie read a paper •* On the recent Progi'ess of 
Chemistry at home and abroad ; a plea for the teaching of higher 
Chemistry in this country." Dr. E. J. Mills, F.R.S., and Mr. 
Alexander Whitelaw expressed their high appreciation of the 
/mper^ and a hearty vot« of thanks was passed to the author. 
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4. The following gentleman was proposed for the Membership 
of the Society : — 

Mr. R. A. Whytlaw, Juil, 1 Windsor Quadrant, Kelvinside. 

5. The President announced that tlie following gentleman, 
balloted for, had been duly elected a Member of the Society, 
viz. : — 

Mr. Samuel Marks, Oil Merchant, 5 Whitehill Gardens, Dennis- 

toun. 

(Signed) HENEY MUIRHEAD. 



:^Ofh Fehniary, I884. 

The Seventh Ordinary Meeting for Session 1883-84 was held on 
the 20th of Febi-uary, 1884, at eight o^clock p.m., in the Rooms 
of the Society, 207 Bath Street, Dr. Henry Muirhead, Pi'esident, 
in the Chair. 

1. The Minutes of last Meeting of the Society, having been 
printed in the notice calling this Meeting, were held as read, and 
were approved and signed by the Chairman. 

2. The following new Member was admitted : — • 

Mr. Samuel Marks, 5 Whitehill Gardens, Dennistoun. 

3. The following /[gentlemen were proposed for the Membership 
of the Society, viz. : — 

Mr. Archibald Russell Miller, The Cairns, Cambuslang. Re- 
commended by Mr. T. P. Miller, Dr. Henry Muirhead, and Mr. 
John Mann. 

Mr. Charles C. Bryce, Merchant, 141 West George Street. 
Recommended by Mr. T. P. Miller, Dr. Henry Muirhead, and 
Mr John Mann. 

Mr. Matthew Henderson, Wright and Builder, 4 Grant Street. 
Recommended by Mr. Archibald Robertson, Mr. Robert J. 
Bennett, and Mr. Robt. A. Bryden. 

4. The President then resigned the Chair to Mr. R. R. 
Tatlock, F.R.S.E., F.I.C., F.C.S., as President of the Chemical 
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Section, under the auspices of which Section the Second Triennial 
" Graham Lecture " had been an^anged to be deli veiled, subject, 
^^The Life and Works of Thomas Graham, late Master of tlie 
Mint/' prepared by Dr. E. Angus Smith, F.R.S., Manchester. 
In the unavoidable absence of the author, the lecture was read by 
Professor Ferguson, M.A., one of the permanent Vice-Presidents 
of the Section. 

5. The following gentleman, ballott^l for, was duly electod a 
Member of the Society, viz.: — 

Mr. 11. A. Whytlaw, Jun., 1 "Windsor Qua<lrant, Kelvinside. 

(Signed) HEXRY MUIKHEAD. 



.;/A March, ISSJ,. 

The Eighth Ordinary Meeting for Session 1883-4 was held on 
the 5th of March, 1884, at eight o'clock p.m., in the Pooms of 
the Society, 207 Bath Street — Dr. Henry Muirhead, President, in 
the Chair. 

1. The Minutes of Last Meeting of the Society, having been 
printed in the Notice calling this Meeting, wei*e held as reiid, and 
were approved and signed by the Cliairman. 

2. The following new Member was admitted : — 

Mr. R. A. Whytlaw, Jun., 1 Windsor Quadrant, Kelvinside. 

3. Dr. W. (i. Blackie, F.R.G.S., as President of the Geo- 
graphical and Ethnological Section, deli veiled an Opening Address 
on " Geogmphy and Ethnology, what these embrace," for which 
lie received a hearty vote of thanks. 

4. Rev. Alexander Williamson, LL.D., author of '* Journeys 
in North China," tire, then read a paper "On some of the chief 
features of the Physical Geography, including the Geology, of 
China, and the bearing thereof on the future of that Empire;" 
being a communication from the Geogi'aphical and Ethnological 
Section. 
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The Chairman moved a vote of thanks to Dr. Williamson for 
his very interesting paper, which was supported by Dr. Blackie 
and Mr. W. R. W. Smith, and heartily agreed to. 

5. The President announced that the following gentlemen, 
balloted for, had been duly olected Members of the Society, 
viz. : — 

!Mr. Arclii))al(l Ilussoll Miller, The Cairns, Cambuslang; Mr. 
Charles C. Bryce, Merchant, 14:1 West George Street ; Mr. 
Matthew Henderson, Wright and Builder, 4 Grant Street. 

(Signed) HENRY MUIRHEAD. 



The Ninth Ordinaiy Meeting for Session 1883-4 was held on 
the 19th of March, 1884, at eight o'clock p.m., in the Rooms of 
the Society, 207 Bath Street — Dr. Henry Muirhead, President, 
in the Chair. 

1. The Minutes of last Meeting of the Society, having been 
printed in the notice calling this fleeting, were held as read, and 
were approved and signed by the Chairman. 

2. The followins: new Members were admitted : — 

Mr. Archibald Russell IMiller, The Cairns, Cambuslang; Mr. 
Cliarles C. Bryce, Merchant, 141 West George Street; Mr. 
Matthew Henderson. Wright and Builder, 4 (^rant Street. 

:^. Mr. A. Crum Maclae, Writer, 149 St. Vincent Street, was 
] proposed for the Membership of the Society by Dr. Andrew Fergus, 
Dr. Henrv Muirhead, and Dr. M*Kendrick. 

4. On the motion of the President, seconded by Mr. I'homos 
Muir, Professor Gmnt, L.L.D., F.R.S., «fec.. Honorary Vice- 
President, of the Observatory, Glasgow, was awarded the thanks 
of the Society for a copy of his " Glasgow Catalogue of 6,415 Stars 
for the Eix)ch 1870," presented by him to the Library, and he was 
congratulated on the com])letion of this great work. 
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5. Mr. William Limont, M.A., M.B., Lecturer on Physiology 
in the Western Medical School, made a communication ** On the 
modern forms of the Microscope from a Physiological and Patho- 
logical point of view," for which he received the thanks of the 
Society. The paper was sent from the Biological Section. 

C. ])r. Robert Bell road a paper " On House Sanitation," for 
which ho received the thanks of the Societv. 

(Signed) HENRY MUIRHEAD. 



,bid April, ISSJ,. 

The Tenth Ordinary Meeting for Session 1883-4 was held on 
the 2nd of April, 1884, at Eight o'clock p.m., in the Rooms of the 
Society, 207 Bath Street — Dr. Henry Muirhead, President, in 
the Chair. 

1. Tli(i Minutes of last Meeting of the Society, having been 
printed in the Notice calling the Meeting, were held as read, and 
were approved and signed by the Chairman. 

2. Dr. Henry Muirhead, President, reail a **Note on Mr. 
Joseph Whitley's Centrifugal Mode of Casting Steel Plates for 
Shipbuilding, &c.'' He then presented to the Society a large 
Model, in bronze, of Cleopatra's Needle, cast by Mr. Joseph 
Whitley, and read an interesting account of the inscriptions 
theron. On the motion of Mr. Alexander Scott, a cordial vote 
of thanks was given to Dr. Muirhead, both for his papers and for 
the handsome gift to the Society. 

3. Dr. James J. Dobbie gave a "Demonstration of an easy 
and rapid Method of determining the Specific Oravity of Solids," 
invented by Mr. John C. Hutcheson and himself, for which the 
authors received the thanks of the Society. 

4. Mr. James Thomson, F.G.S., President of the Biological 
Section, read a paper " On the prevalence of Rickets in the City 
of Glasgow and in the West of Scotland, and the relation of 
Rickets to the Food and Water used." The paper was illustrated 
by a microscopical demonstration of sections of healthy and of 
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diseased bonea Mr. Thomson was awarded a cordial vote of 
thanks. 

5. Mr. Alexander Scott, Vice-President, who occupied the 
Chair, at the close of the meeting announced that Mr. A. Crum 
Maclae, Writer, 149 St. Vincent Street, had been duly elected 
a Member of the Society. 

(Signed) HENRY MUIRHEAD. 



J6th Ajyril, ISS^. 

The Eleventh Oi-dinary Meeting for Session 1883-4 was held on 
the 16th of April, 1884, at Eight o'clock p.m., in the Rooms of 
the Society, 207 Bath Street — Dr. Henry ^Muirhead, President, in 
the Chair. 

1. The Minutes of last Meeting of the Society, having been 
printed in the Notice calling this Meeting, were held as read, and 
were approved and signed by the Chairman. 

2. Dr. W. Blackie, F.R.G.S., President of the Geographical 
and Ethnological Section, read a paper entitled " Sketch of the 
present state of our knowledge of the Island of New Guinea,** for 
which he received the thanks of the Society. 

3. The President gave notice that, at next Meeting, he would 
ask the Society to authonse himself and the Secretary to sign a 
Petition to the House of Commons in favour of Mr. Bryce's Bill 
as to Moors and Forests. 

(Signed) ALEXANDER SCOTT. 



^iOth April, ISSJf, 

The Twelfth and last Ordinary Meeting for Session 1883-4 was 
held on the 30th of April, 1884, at eight o'clock p.m., in the 
Rooms of the Society, 207 Bath Street — Mr. Alexander Scott, 
Vice-President, in i\\e Chair. 

1. The ]Minutes of la.st JVIeeting of the Society, having been 
printed in the Notice calling this Meeting, were held as read, and 
were approved and signed by the Chairman. 

2. Mr. Andrew Hamilton, 2 Belmar Terrace, Pollokshields, was 
proposed for the Membership of the Society by Mr. W. R. W. 
Smith, Dr. William Wallace, and Mr. John Mann. 

Vol. XV. 2 b 
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3. Professor James Blyth, M.A., F.R.S.K, read a paper <<On 
a new form of Galvanometer and Yoltometer/' for which he 
received the thanks of the Society. Various forms of the instru- 
ment were exhibited. 

4. Mr. Alexander Pinkerton read a paper entitled '* How Smoke 
can be profitably Consumed," for which he received the thanks of 
the Society. 

5. Professor M'Kendrick read a " Sketch of the Life and Work 
of the late Professor Allen Thomson." 

6. On the motion of the Chairman, the Reports of the various 
Sections were taken as read, and were remitted to the Council for 
publication in the " Proceedings." 

7. On the motion of Mr. Archibald Robertson, seconded by Mr. 
James Thomson, F.G.S., the President and Secretary were author- 
ised to sign, and to affix the Seal of the Society to, a Petition to 
the House of Commons in favour of Mr. Bryce's Bill as to access 
through Moors, Forests, &c. 



BALANCE SHEET of the THOMAS GRAHAM MEDAL and 
LECTURE FUND. Session 1882-83. 



To Subscriptions in- 
vested in 4 per 
cent Preference 
Shares of the 
Glasgow & South • 
Western Rail- 
way Company, £250 
,, Dividends upon 
above Shares 
lodged in Union 
Bank as per Bal- 
ance of 1881, 4 17 9 
1882. ,, Dividends lodged 

in Union Bank, - 9 15 3 
1883. 
Ap. 12. ,, Dividends lodged 

in Union Bank, - 4 17 4 
Oct. 2. ,, Dividends lodged 

in Union Bank, • 4 17 9 
,, Cash in Treasurer's 

hands, - 18 5 

,, Value of Die lying 

at H. M. Mint, - 18 18 

£294 14 6 



By Die, - 
,, Balance, 



£1818 
275 16 6 



f viz :— Invested, £250 
\ .\vaiUible, 25 IC C 



£27516 6/ 



7 



/ 



/ 



/ 



£294 14 6 



J. J. COLEMAN, 'J'recuurer. 
W. J. CRYSTAL, I ..,^..,„„ 
C. HOPE, { ^«''"»"- 
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In accordance with Minute of 30 th April, the following Petition 
was forwarded to Dr. Cameron, M.P., and was presented to the 
House of Commons : — 

UNTO THE HONOURABLE THE COMMONS OP THE UNITED 
KINGDOM OF GREAT BRITAIN AND IRELAND, IN 
PARLIAMENT ASSEMBLED. 

THE HUMBLE PETITION OF THE PHILOSOPHICAL SOCIETY 

OF OLASOO W, 
Sheweth, 

That the Philosophical Society of Glasgow, now holding 

its Eighty-first Session, consists of upwards of Seven Hundred Members, 

many of whom are engaged in the cultivation of the various sciences. 

That the Society has had under its consideration the provisions of a Bill 
introduced into your Honourable House, entitled '* A Bill to secure to the 
Public Access to Mountains and Moorlands in Scotland." 

That your Petitioners believe and humbly submit that the exclusion of 
scientific men, and especially of those engaged in the study of Natural 
History, from many large tracts of moorland and uncultivated districts has 
been prejudicial to the advancement of science ; and that the grounds on 
which such exclusion is based do not warrant its continuance, and that it 
therefore should be removed. 

That your petitioners are of opinion that the principles involved, and the 
restrictions proposed in the said Bill, would not operate prejudicially to 
the rights of the proprietors of the soil, whilst they would have a beneficial 
effect in promoting scientific research. 

That for these and other reasons your Petitioners are earnestly desirous 
that the Measure referred to should pass into law. 

Your Petitioners therefore humbly pray your Honourable House to pass 
the said Bill into law. 

And Your Petitioners, as in duty bound, shall ever pray. 

Signed, in name and on behalf of the Members of the 
Philoflophical Society of Glasgow, by 

HENRY MUIRHEAD, Prtmdtnt. 
JOHN G. M*KENDRICK, Secretary 
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OFFICB-BBAKBKS 



or THB 



PHILOSOPHICAL SOCIETY OF GLASGOW. 



3Z2SSI01T 1333-34. 



Henry Muirhead, M.D., F.F.P.S.G., President. 

Mr. James Mactear, F.I.C, F.C.S., 

James B. Russell, B.A., M.D., 

Mr. Alexander Scott, ^ Vice-Presidents. 

Professor Robert Grant, M.A., LL.D., F.R.S., 

Professor Sir Wm. Thomson, M.A., LL.D., D.C.L., 

F.R.S., Foreign Associate of the Institute of France, , „ 

Hon. Vice-President, R.S.E., )-^. „ !j^ 

Andrew Fergus, M.D., M.R.C.S.^«^., President of the ' ^*^^'^^^^'^^^^' 
Faculty of Physicians and Surgeons, Glasgow, 

William Wallace, Ph.D., F.R.S.E., F.LC, F.C.S., 

Mr. John Roberi'SON, Librarian, 
Mr. John Mann, C.A., Treasurer, 

Professor John Gray M'Kendrick, M.D., LL.D., F.R.S., F.R.S.E., 

F.R.C.P.E., Secretary'. 
Mr. James Sellars, Jun., LA., Architect, Architectural \ 

Section^ 

Mr. James Thomson, F.G.S., Biological Section ^ 

Mr. Robert R. Tatlock, F.R.S.E., F.LC, F.C.S., Chemical 

Section, \Presidents of 

James Christie, M.A., M.D., Sanitary attd Social Economy ' ^^^'^**^' 
Section, 

W. G. Blackie, Ph.D., F.R.G.S., Geographical and Ethno- 
logical Sectiott, 

Other Members of Council. 

Mr. James Paton, F.L.S. j James Morton, M.D. 

William James Fleming, M.D. ; James Stirton, M.D., F.L.S. 



Mr. Hazelton R. Robson, C.E. 
Mr. James Nicol, City Chamberlain. 
Thomas Muir, M.A., LL.D., 

F.R.S.E. 
E. M. Dixon, B.Sc. {Lond.), 

{Members of Council are placed in the order in which they will retire by rotation, ) 



Mr. Michael Connal. 
Mr Archibald Robertson. 
James Blytii, M.A., F.R.S.E. 
Andrew Jamieson, C.E., F.R.S.E. 



Office-hearers of tJte Societij, 
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COMMJTTEES APPOINTED BY THE COUNCIL 



COMMITTEE ON FINANCE. 

Dr. Henry Muirhead, President. 

Mr. James Paton. Mr. Hazelton R. Robson. 

Mr. Archibald Robertson. Mr. Michael Connal. 

Professor Blyth. Mr. James Nicol. 

Mr. John Mann, Treasurer^ Convetur, 
Mr. Alexander Scott, V.-P., Sub-Convener. 



COMMITTEE ON PAPERS. 

Dr. Henry Muirhead, President. 
Mr. James Mactear, 



Dr. J. B. Russell, 

Dr. James Christie. 
Mr. Michael Connal. 
Dr. \V. J. Fleming. 
Dr. James Morton. 



\ 



Vice-Presidefits. 

Mr. James Sellars, Junr. 
Dr. James Stirton. 
Mr. R. R. Tatlock. 
Principal Jamieson. 



Professor M*Kendrick, Convener, 



COMMITTEE ON THE LIBRARY. 
Dr. Henry Muirhead, President. 



Mr. James Mactear, 
Dr. J. B. Russell, 
Mr. Alex. Scott, 

Dr. \V. J. Fleming. 
Dr. James Morton. 
Dr. Thomas Muir. 
Mr. James Paton. 
Dr. James Stirton. 



Vice-Presidents, 

Mr. James Thomson, F.G.S. 
Professor Blyth. 
Mr. E. M. Dixon. 
Principal Jamieson. 
Dr. Christie. 



Mr. John Robertson, Librarian^ Convetier. 



HOUSE COMMITTEE, 

Consisting of Members of the Philosophical Society and of the Institution 

of Engineers and Shipbuilders. 

Institution of En:^neers and Philosophical Society. 

Shipbuilders. 

Mr. James Reid. Dr. Henry Muirhead. 

Mr. S. G. G. Copestakl. Mr. Archibald Robertson. 

Mr. Robt. Duncan. Dr. Wallace. 
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Philosophical ISociety of Glasgow. 



OFFICE-BEARERS OF SECTIONS. 



ARCHITECTURAL SECTION, 

James Sellars, Esq., Architect, President, 
William Landless, Esq., Architect, | vice-Prtsidenii 
Alexander Muir, Esq., Builder, ( 

James Howatt, Esq., Measurer, Treasurer, 
A. Lindsay Miller, Esq., Architect, 121 West Regent Street, Secretary, 

Members of Council, 



David Thomson, Esq., Architect. 
W. F. Salmon, Esq., Architect. 
John Honeyman, Esq., Architect. 
T. L. Watson, Esq., Architect. 
Thomas Gildard, Esq., Architect. 
John Dansken, Esq., Measurer. 



William Howatt, Esq., Measurer. 

Robert Scorr, Esq., Measurer. 

W. P. BucHAN, Esq., Sanitary 
Engineer. 

William Gilfillan, Esq., Marble- 
cutter. 



BIOLOGICAL SECTION, 

Mr. James Thomson, F.G.S., President, 

Henry Muirhead, M.D., 
Neil Carmichael, 
William James Fleming, 

Other Members of Council. 



M.D., VVii 

eming, M.D., / 



Vice-Presidents, 



Joseph Coats, M.D. 
John Dougall, M.D. 
Mr. H. E. Clarke. 
James Finlayson, M.D. 
Mr. John Kirsop. 
Mr. Archibald Robertson. 



Mr. John Robertson. 
Prof. M'Kendrick, M.D. 
Mr. J. B. Murdoch. 
John Glaister, M.B. 
Eben. Watson, M.D. 
James Stirton, M.D. 



D. C. M'Vail, M.B., St. James* Terrace, Hillhead, Secretary, 



CHEMICAL SECTION, 

President, 
Mr. Robert R. Tatlock, F.R.S.E., F.LC, F.C.S. 

Permanefti Vice-Presidents, 



Mr. E. C. C. Stanford, F.C.S. 
Dr. Wm. Wallace, F.R.S.E., 



Professor Ferguson, M.A. 
Mr. James Mactear, F.LC, 
F.C.S. 



Office-hearers of the Society. 
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Elected Vice-Presidents, 

Mr. J. J. Coleman, F.C.S. 
Dr. J. J. DoBBiE, M.A. 
Dr. W. J. Chrystal, F.C.S. 

Treasurer. 
Mr. J. J. Coleman. 

Secretary. 
Mr. G. G. Henderson, B.Sc, Chemical Laboratory, University. 

Committee. 

Mr. G. G. Henderson. 
Mr. C. Hope. 
Mr. J. Mayer, F.CS. 
Mr. W. J. Chrystal. 



Mr. J. J. Coleman. 

Dr. J. J. Dobbie. 

Mr. James Snodgrass, F.C.S. 

Mr. J. B. Hannay, F.R.S.E., F.C.S. 

Mr. Alexander Whitelaw. 

Mr. Tatlock. 



Mr. James Park. 
Dr. J. Clark. 



SANITARY AND SOCIAL ECONOMY SECTION, 
James Christie, A.M., M.D., Presidetit. 

M.. K.H»ttH M. MACt«.0, 1 y^p„iJ-,. 






Mr. Alexander Scott, 
Eben. Duncan, M.D., 4 Royal Crescent, Crossbill, Secretary. 

Other Members of Coumii. 



Andrew Fergus, M.D. 
Mr. James Cleland Burns. 
Mr. W. R. W. Smith. 
Mr. p. W. Dixon. 
Mr. Alexander Frew. 
Dr. J. B. Russell. 



Mr. W. p. Buchan. 
Dr. N. Carmichael. 
Mr. David Storer. 
Mr. John Young. 
Mr. Paul Rottenburg. 
Dr. Glaister. 



GEOGRAPHICAL AND ETHNOLOGICAL SECTION 

W. G. Blackie, Ph.D., F.R.G.S., Presideftt. 
James Stevenson, F.R.G.S., Vice-President. 
Geo. a. Turner, M.D., i Clifton Place, Sauchiehall Street, Secretary, 

Members of Council. 

Mr. Thomas Carlile. Mr. Maxwell Hannay. 

Dr. James Christie, A.M. Mr. William Ker. 

Mr. Michael Connal. Thomas Muir, M.A., LL.D. 



Mr. William Ewing. 
Mr. James Grierson. 



Mr. Alexander Scott. 
Mr. John Steel. 



Mr. W. Ren NY Watson. 



ADDITIONS TO THE LIBRARY. 



DONATIONS IN ADDITION TO THE WORKS RECEIVED IN 
EXCHANGE FROM THE SOCIETIES, &c., NAMED ON 
PAGES 395-398. 



DONATIONS. rRKSESTRD BT 

The Policy and Practice of Glasgow in the 
Management of Epidemic Diseases, with 
results. By Dr. Russell. Pamphlet. 1883, The Author. 

Annual Report of Stirling's and Glasgow Library. 
Pamphlet. 1882-3, The Managers. 

Atti dcUa R. Accademia dei Lincei. 2nd Series, 
Vols. 1, 2. 3rd Series, Vols. 6, 7, . . . Sir William Thomson. 

Cobham Journals — Meteorological and Phenologi - 
cal Observations, 182o-50. Made by Carolina 
Molesworth, The Author. 

Sydney Mechanics' School of Arts — Commemora- 
tive Address, 15th Anniversary. Pamphlet. 
1883, The Author. 

The York Building Company. A Chapter in 
Scotch History. By David Murray, M.A. 
Glasgow, 1883, The Author. 

Washington Astronomical ami Meteorological 
Observations for 1878, The American Govern- 

Aunual Report of the Chief Signal OHiccr to the mcDt. 
Secretary of War. 2 Parts. 1880, 

Congressional Directory for the use of Congress. 
4 Copies. 1883, 

Greenwich Observations, 1881, .... The Astronomer Royal. 
,, Magnetical and Meteorological Obser- 

vations, 1881, .... ,, 

,, Astronomical Results, 1881, ,, 

Bulletin Astronomiiiuc ct Meteorologique dc I'Ob- 
serv-atoire Imperial de Rio dc Janeiro. Pamph- 
let. 1883, The Observatory. 

The Ethics of Diet. By Howard Williams. 1883, The Author. 

The Perfect Way in Diet. By Anna Kingsford. 
1883, The Author. 

Memorandum on the Hospital AccomniodatioTi 
for Infectious Diseases in Glasgow. By Dr. 
J. B. Russell. Pamphlet. 1883, . . . The Author. 



it 



»» 



Additions to the Library/, 
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DONATIONS. 

Transactious of the Royal Institute of British 

Architects, 1882-3, 

Cholera Epidemics iu East Africa. By Dr. 

James Christie. 1876, 

Smithsonian Report, 1881, 

Eureka. An elucidation of Mysteries in Nature. 

The Problems of Science. By J. Wood Bailly. 

Pamphlet. 1883, 

Catalogue of Books bequeathed to Anderson's 

College by Alex. Laing. 1883, 
Bulletin du Mus^e Royal de THistoire Naturelle 

de Belgique. By Dr. L. G. Koninck. 1883, . 
Contributions to Meteorology. By Elias Loomis. 

1883, 

The Delany Synchronous Multiplex Telegraph 

System, 1883. The Chemical Effects of the 
Spectrum. By Dr. T. M. Eden. Translated 
by W. de W. Abney. 1883, .... 

Saturated Steam the motive power in Volcanoes 
and Earthquakes. Great importance of Elec- 
tricity. By R. A. Peacock. 1882, 

Anuario del Observatorio Astronomico Nacional 
de Tacubaya, Mexico. 1884, . . . . 

K. M. Macleod's Report on Mr. Mitchell's Re- 
marks to the School Board of Glasgow, 1883. 

1884, 

Catalog\ic of the French Art Loan Exhibition, 

18834, 

Solution to the Celebrated Fundamental Ques- 
tion (hithei*to unsolved) of Dynamics. By 
Martin Gardiner. Brisbane, 1883, . 
Determination of the Motion of the Solar System 
in fixed unalterable space. By Martin Gar 

diner. 1883, 

Glasgow Catalogue of 6415 Stai*s for the epoch 

1870. By Robert Grant. 1883, . 
Patents for Inventions — Abridgment of Specifi 
cations : — 
Ice-making Machines, Ice Safes, and Ice 

Houses. Part II., 

Watches, Clocks, and other Timekeepers. 

Part II., 

Writing Instruments and Materials. Part 

II., 

Saddlery, Harness, Stablc-tittings, &c. Part 

II 

Unfermented Beverages, &c. Part II. , 

Music and Musical Instrumcntii. 



Prbsentsd bt 



Mr. Lindsay Miller. 

The Author. 
Smithsonian Institution. 



The Author. 
The Trustees. 
The Author. 
The Author. 



The Translator. 

The Author. 
The Observatory. 

The Author. 
Mr. James Paton. 

The Author. 



», 



II 



Professor Grant. 



The Commissioners of 
Patents. 



If 

»» 
II 
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DONATIONS. Presbrtbd bt 

Fire-arms, Ammunition, Ac. Part II., The Oommiflsioiiers of 

Weaving. Part II., Patents. 

Marine Propulsion. Part II., . 
Milking, Churning, Cheese-making. Part 

11., 

Tea, Coffee, Chicory, Chocolate, Coooa, &c. 

Part II., 

Brewing, Wine-making, and Distilling Alco- 
holic Liquids. Part II., . 
Cooking, Bread-making, and the preparation 

of Confectionery. Part II., 

Manufacture of Iron and Steel. Part I. , 

Electricity and Magnetism. Six Vols., 

Dutton^s Tertiary History of the Grand Canon 

District. Vol. 2. With large folio Atlas. 

1882, U.S. Geological Survey. 

Second Annual Report of the U.S. Geological 

Survey. By J. W. Powell. 1880-1, 
The Territories Wyoming and Idaho, with Maps. 

Two Parts. By F. V. Hayden. 1883, . 
Palseontologia Indica. Series X., Vols. 2-6. The Geological Survey 
1884, ........ of India. 

On the Discovery of the Periodic Law, and on 
Relations among the Atomic Weights. 1884. 
By J. A. R. Newlands, The Author. 



>> 
»» 



'> 
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BOOKS BOUGHT IN ADDITION TO THE JOURNALS NAMED 

ON PAGES 398, 399. 

Jahres-bericht der Chemischen Technologic. 1882. 

Micrographic Dictionary. 4th Edition. 1883. 

Sang's Now Table of Seven: Place Logarithms of Numbers continuously up 
to 200,000. 

Association Fran^aise. ll™*: Session. La Rochelle. 1882. 

Grove's Dictionary of Music. VoL III. 

The Organs of Speech. By George Hermann vou Meyen. 1883. 

Encyclop«edia Britannica. Vol. XVI. 1883. 

La Nature. 1883. 

Weltliteratur der Elektricitat und des Magnetismus. 

Memoirs of Sir William Hamilton, Bart. By John Veitch. 1869. 

Mental Evolution in Animals. By George J. Romanes. 1883. 

Travels and Researches in Japan. By J. J. Rein. 1884. 

The Science of Man. A Manual of Anthropology based on Modem Re- 
search. By Charles Bray. 

A Treatise on the Distillation of Coal Tar and Ammoniacal Liquor. By 
George Lunge. 1882. 



Exchanges toUh oiker SoeU^, 395 

Inquiries into the Human Faculty and Development. By Fraaoui Galton. 

1883. 
Physical Optics. By R. T. Glazebrook. 1883. 
Mathematical and. Physical Papers. VoL II. By G^rge G. Stokes. 

1883. 
VArm6e Soientifique et Industrielle. 1883. 
The Statesman's Year Book. 1884. 
Mineral Statistics of Great Britain and Ireland. 1884. 
Life and Works of Michael Angelo Buonarroti. By C. Heath Wilson. 

1876. 
Lectures on Architecture. By Edward le Bany. 1881. 
Samoa a Hundred Years Ago and long before. By George Turner. 1884. 
Die Magnet-und Dynamo-Elektrischen Maschinflii, ko. By Dr. H. Sohellen. 

1883. 
Aesthetik Kunstgewerbes. By Jacob von Falke. No date. 
Die Technologie der Fette und Dele des Pflanzen-und-Thierreichs. By Dr. 

Carl Schaedler. 1882. 
An Index to Periodical Literature. By W. Frederick Poole. 1882. 
Encyclopaedia Americana. Vol. I. 1883. 
New English Dictionary. Part I. Edited by Dr. James A. H. Murray. 

1884. 
Monograph of the Insectivora. Parts I., II. By G. E. Dobton. 1882-3. 
On the Nature of Light. By George G. Stokes. 1884. 
Zoological Record. Vol. XIX. 1882. 

Egypt and the Egyptian Question. By D. Mackenzie Wallace. 1883. 
Scotland in Pagan Times. By Joseph Anderson. 1883. 
Reprint of Papers on Electrostatics and Magnetism. By Sir William 

Thomson. 
On the Motion of Vortex Rings. 1883. By J. J. Thomson. 
The Chemistry of the Secondary Batteries of Plants and Faure. 1883. 

By J. H. Gladstone and Alfred Tribe. 



The Philosophical Society Exchanges with the 
FOLLOWING Societies, &c. : — 

Academia Real Das Sciencias de Lisboa, . Lisbon. 

Academy of Natural Sciences of Philadelphia, . Philadelphia. 

Academy of Science, Connecticut. 

Academy of Science, St. Louis. 

American Academy of Arts and Sciences, . Boston. 

American Pharmaceutical Society, .... Philadelphia. 
American Philosophical Society, .... „ 

Anthropological Institute, London. 

Astor Library, New York, New York. 

Library of Royal Observatory Melbourne. 
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Philosophical Society of Olasgow. 



Bath Natural History and Antiquarian Field Club, 

Belfast Natural History and Philosophical Society, 

Berwickshire Naturalists' Club, 

Biblical Archaeology, 

Birkenhead Literary and Scientific Society, 

Birmingham Philosophical Society, . 

Boston Natural History Society, 

Boston Public Library, .... 

Botanical Society of Edinburgh, 

Bristol Naturalists' Society, 

Buffalo Society of Natural Sciences, . 

Bureau Scientifique, Central N^erlandais, . 

California Academy of Sciences, 

Cambridge Philosophical Society, 

Canadian Institute, 

Chemical Society, 

Cleveland Institution of Engineers, . 

Commissioners of Patents, 

Davenport Academy of Natural Sciences, . 

Die Deutsche Chemische Gesellschaft, 

Dublin University Biological Association, . 

Ecole Polytechnique, .... 

Edinburgh Geological Society, . 

Entomological Society of Ontario, 

Epping Forest and County of Essex Naturalists' 
Club 

Franklin Institute, 

Geographical Society, .... 
Geological Society of Glasgow, . 
Geological Survey of Canada, 
Geological Survey of India, 
Glasgow ArchtTological Society, 
Hertfordshire Natural History Society and Field 
Historic Society of Lancashire and Cheshire, 
Institution of Civil Engineers, . 
Institution of Engineers and Shipbuilders in Scotland, 
Institution of Mechanical Engineers, . 
Institution of Mechanical Engineers, . 
Insurance and Actuarial Society of Glasgow, 
Kasan Imperial University, 
Kon. Akademie van Wetenschappeu, 
Leicester Literary and Philosophical Society, 
Literary and Historical Society of Quebec, 
Literary and Philosophical Society of Leeds, 
Literary and Philosophical Society of Liverpool. 
Literary and Philosophical Society of Manchester, 
Liverpool Geological Society, . 
Liverpool Polytechnic Society, . 
London Geological Society, 



Bath. 

Belfast. 

Alnwick. 

London. 

Birkenhead. 

Birmingham. 

Boston. 



»» 



Field 



Clul. 



Edinburgh. 

Bristol. 

Buffalo. 

Harlem. 

California. 

Cambridge. 

Canada. 

London. 

Middlesborough. 

London. 

Davenport, Iowa. 

Berlin. 

Dublin. 

Paris. 

Edinburgh. 

London, Ontario. 

Buckhurst Hill, 

Essex. 
Philadelphia. 
Geneva. 
Cflasgow. 
Montreal. 
Calcutta. 
Glasgow. 
Watford, Herts. 
Liverpool. 
London. 
Glasgow. 
Birmingham. 
London. 
Glasgow. 
Kasan. 
Amsterdam. 
Leicester. 
Quebec. 
Leeds. 
Liverpool. 
Manchester. 
Liverpool. 



It 



London. 



Exclumges \cith other Societies, 
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St. Peters 



Manchester Scientific Students' Association, 
Manitoba Historical and Scientific Society, 
Meteorological Observatory, 
Middlesex Hospital, .... 
Midland Institute of Mining Engineers, 
Mining Institute of Scotland, . 

Mus^e Teyler, 

National Academy, .... 

National Observatory, 

Natural History Society of Glasgow, . 

Naturalists' Union, .... 

New York Academy of Sciences, 

New Zealand Institute, 

North of England Institute of Mining Engineers, 

N. Stafifordshire Institute of Mining and Mechanical 

Engineers, .... 
Observatoire Royal de Bruxelles, 
Odontological Society, 
Ohio Mechanics' Institute, 
Pharmaceutical Society, . 
Photographic Society, 
Philadelphia Alumni Association, 
Physical Society of London, 
Physico-Chemical Society, University of 

burg 

Powys-land Club, 

Publisher of Engineering, . 

Registrar-General, 

Royal Academy of Science, 

Royal Academy of Science, 

Royal Astronomical Society, 

Royal Cornwall Polytechnic Society, 

Royal Dublin Society, 

Royal Geographical Society, 

Royal Geographical Society, 

Royal Institute of British Architects, 

Royal Institute of Lombardy, . 

Royal Institution of Cornwall, . 

Royal Institution of Great Britain, 

Royal Irish Academy, 

Royal Microscopical Society, 

Royal Physical Society of Edinburgh, 

Royal Prussian Academy of Science, 

Royal Scottish Society of Arts, . 

Royal Society of Edinburgh, 

Royal Society of London, . 

Royal Society of Tasmania, 

Royal Society of Victoria, . 

School of Mines, 



Manchester. 

Winnipeg. 

Montsouris, Paris. 

London. 

Barnsley. 

Hamilton. 

Harlem. 

Washington. 



»» 



Glasgow. 
Huddersfield. 
New York. 
Wellington. 
Newcastle-on-Tyne. 

London. 

Bruxelles. 

London. 

Cincinnati. 

London. 

)} 
Philadelphia. 
London. 



St. Petersburg. 

Liverpool. 

London. 

Melbourne. 

Brussels. 

Stockholm. 

London. 

Falmouth. 

Dublin. 

London. 

Vienna. 

London. 

Milan. 

Truro. 

London. 

Dublin. 

London. 

Edinburgh. 

Berlin. 

Edinburgh. 

it 
London. 

Hobart Town. 

Melbourne. 

New York. 
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ScottiBh Meteorological Society, .... Edinlmrgh. 

Seismologioal Society of Japan, Tokio. 

Smithflonian Institation, Waahington. 

Social Science Association, London. 

Soci^t^ des Sciences Physiques et Naturelles, . Bordeaux. 

Soci^t^ Royal des Sciences de Li6ge, .... Li^. 

Society of Arts, London. 

Society of Chemical Industry, ,, 

Society of Engineers, „ 

South Wales Listitute of Engineers, .... Swansea. 

Statistical Society, London. 

United States Geologist, Washington. 

United States Observatory, ,, 

United States Survey, „ 

University of Christiania, Christiania. 

University of Tokio, Japan, Tokio, Ji^pan. 

Verein f Ur Erdkunde zu Halle, Halle. 

Videnskabs-Selskabet i Christiania, .... Christiania. 

Washburn Observatory — University of Wisconsin, . Washburn. 

Wagner Free Listitute of Science, .... Philadelphia. 



LIST OF PERIODICALS. 



WEEKLY. 



Academy. 

Architect. 

Athemeum. 

British Architect. 

British Medical JournaL 

Builder. 

Building News. 

Chemical News. 

Comptes Rendus. 

Dingler's Polytechnisches Journal. 

Electrician. 

Engineer. 



Engineering. 

English Mechanic. 

Iron. 

Journal of the Society of Arts. 

Journal of Gas Lighting. 

Nature. 

Notes and Queries. 

Pharmaceutical Journal. 

Science. 

Scientific American. 

Telegraphic Journal. 



FORTNIGHTLY. 



Berichte der Dentschen Chemischen 
Gesellschaft. 



Bulletin de la Socilt^ Chimique de 

Paris. 
Journal fur Praktische Chemie. 



List of Periodicals. 
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MONTHLY. 



American Journal of Science and 

Arts. 
Annales de Chimie et de Physique. 
Annales des Fonts et des Chauss^es. 
Annales des Sciences Naturelles — 

Botanique. 
Annales des Sciences Naturelles — 

Zoologie. 
Annalen der Chemie. 
Annalen der Physik und Chemie. 
Annals and Magazine of Natural 

History. 
Analyst. 
Antiquary. 

Beiblatter zu den Annalen der Phy- 
sik und Chemie. 
Bulletin de la Soci^t^ d'Encourage- 

ment. 
Bulletin de la Soci^td G^ologique de 

France. 
Bulletin Mensuel de TObservatoire 

de Montsouris. 
Canadian Entomologist. 
Chemische Industrie. 
Entomologist. 
Entomologists' Monthly Magazine. 



Journal of the Franklin Institute. 
Geological Magazine. 
Hardwicke's Science Gossip. 
Journal de Pharmacie et de Chimie. 
Journal of Botany. 
Monthly Notes of the Library 

Association. 
Journal of the Photographic Society. 
Journal of Science. 
Journal of the Chemical Society. 
London, Edinburgh, and Dublin 

Philosophical Magazine. 
Midland Naturalist. 
Monatsberioht der Kdniglioh Preus- 

sischen Akademie der Wissen- 

schaften zu Berlin. 
Odontological Society's Transac- 
tions. 
Proceedings of Royal Society of 

London. 
Proceedings of Royal (xeographical 

Society. 
Royal Astronomical Society's 

Monthly Notices. 
Sanitary Journal. 
Science Monthly. 



Zoologist. 



QUARTERLY. 



Annales des Mines. 

Bulletin de la Soci^t^ Industrielle de 
Mulhouse. 

GreviUea. 

Journal of Anatomy and Physiology. 

Journal of the Royal Agricultural 
Society of England. 

Journal of the Scottish Meteoro- 
logical Society. 

Journal of the Statistical Society. 

Mind : a Quarterly Review of Psy- 
chology and Philosophy. 



Quarterly Journal of Geologioal 

Society. 
Quarterly Joonial of MicroBCopioal 

Science. 
Quarterly Journal of Ornithology. 
Quarterly Journal of Pure and 

Applied Mathematics. 
Revue Universelle des Mines. 
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Airdrie, Graham Street, deformed children 
ill, 246. 

Aivei, river moath, 210. 

Aix-U-Chapello, 300. 

Albert Mountains in New Guioea, 204. 

Albert, Prince, 308. 

Albert Streetr Townhead, deformed chil- 
dren in, 244. 

Alcohol from fermentation of bread, 3o6, 

Alele, river mouth, 210. 

Aleatian IsUnds, 121. 

Alexander the Great, 138. 

Alkali Acts, 154. 

Alison, Professor, reference to, 107. 

Alixarine, steps in the artificial prodaction 
of, 166. 

Alizarine Work at Middloaborough, 15. 

Alizarine as quinone acid of anthracene. 
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49. 



Allen, John, reference to, 103. 

Allen, on behaviour of indicator* to fats, 

and fatty, and resin acids, 81. 
Alligators in New Guinea, 207. 
AUkhanies, tlie, 120. 
Alpha Hercnlis, 292. 
Alum in China, 143. 
Aluminium wire, 376. 
Ainbcmoli River in New Guinoa, 203. 



Ameiican Microscopes, Limont on, 118. 

Amethyst in China, 143. 

Amherst, Lord, 125, 

Ammonia, recovery of, from waste gases, 
1 , 2, value of, 3. 

Ammonium, nitrate and sulphate, com- 
parison of, 7, 

Amoor, rirer, 120, 126, 132. 

Anatomy Act, reference to, 103. 

Anderson's College, reference to, 33, 34, 
49 ; relatioD of Thomas Orabam to, 318 ; 
Students iu tlic chemical laboratory of, 
in the days of Thomas Graham, 319. 

Anderson on Anthtacennse, 167. 

Annoles de Chemie et dc Physique, 
chemical papers in, 158. 

Annals of Philosophy, 204. 

Annual Report by Council, 367- 

Aiisoos, New Games, 224. 

AnsUjd, on coal areas iu different cc 



i. New Guinea, 224, 
wGui 



142. 

Ansces, 

Ant-eater in New Guinea, 216. 

Ants in New Guinea, 216. 

Autbracenuse, 167. 

Anthracene, 106. 

Anthraquinouc, 160. 

Apjohn, Dr., 203. 

Appalachian mountAins, 120. 

Apples iu China, 137. 

Apricots in China, 137. 

Arago, reference to, 107. 

Arbutus in China, 137. 

Architecture, naval, 32, loud, 33. 

Architects, training of, 22-23. 

Architectural .Section, Office-bearera of, 

359, 390 ; Report of, 358, 
Arfak .Mountains, 201, 206 ; the home of 

birds of paradise, 216. 
Argyll, DuIls of, 132. 
Ai'mstrong, t-ir \V„ 312. 
Amott, Dr., 302, 308, 
Arseniates, 337, 

Arsenic acid, determination of, 197, 
Arthur, Prince, reference by Thom»a 

Gi-ahom to, 30o. 
Ashburton, Lord, 305. 



AsfMD, 139. 

Assyrians, 146. 

As^nomical Geography, reference to, 58. 

Atkinson, Mr., 30/. 
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Atmosphere, tiiiite extent of, 321. 

Auditors, appointment of, 3G4. 

Andonin, reference to, 107. 

Aogia sinensiB, 140. 

Australia, geographical relations with New 

Guinea, 213. 
Autenreith, reference to, 105. 
ATiguon, poUution of rivers near, 155. 

Baber, on trade routes in China, 143. 

Babylonians, the, 145. 

Baeyer, on the method of distillation with 

zinc dust, 167. 
Bahmo, 143. 
Bailey, 264. 
Baird, Professor, 268. 
Balance sheet of Graham medal fund, 386. 
Bald head in New Guinea, 210. 
Balfour, F. M. , reference to, 1 12. 
Ballantyne, James, & Co. , 263. 
Ballard, Dr., on alkali trade, 154. 
Bamboo, 139. 

Bandicoot in New Guinea, 210. 
Bankier Street, Calton, deformed children 

in, 248. 
Bannocks in China, 134. 
Bar-Kul, 144. 

Burke and Hare, reference to, 105. 
Barley in China, 134. 
Barlow, Rev. Mr., 302. 
Barium, determination of, as hydrate and 

carbonate, 67. 
Bimry, Martin, reference to, 112. 
Barton, Mr., 301. 
Barton, 306. 
Basilisk, the sliip, 206. 
Banmgaertner, reference to, 111. 
Baxter River, in New Guinea, 208, 211. 
Beans in China, 136. 
Beojuerel, reference to, 107. 
Bedford, Duke of, reference to, 106. 
Bedford Street, deformed children in, 238. 
Bee-hive dwellings in Island of Lewis, 61. 
Beensen, 300. 

Beet-root molasses, potash in, 14. 
Belgium, coal area in, 142. 
Bell, Dr. R., on house sanitation, 384. 
Bell, Messrs., lime in rock salt deposits, 14. 
Bellshili, East- end, deformed children in, 

249. 
BellihiU, West-end, deformed children in, 

240. 
Benzol, relation of, to quinone, 166. 
Ben Lomond, reference to, 119. 
Bennett, John Hughes, reference to, 105. 
Bennett, Robert J., 3, 6, 4. 
Ben Nevis fund, 363. 
Bentress, reference to, 26.'). 
Beriohte der Deutschen ChemischenGesell. 

shaft, chemical papers published in, 150 
Berne, 300. 



Bernoulli, on movements of gaseous 

particles, 331. 
Beryl in China, 143. 
Berzelius, his opposition to the theory of 

chemical substitution, 171 ; on ferro- 

cyanide of potassium, 277. 
Biberich, 299. 

Bichloronaphtho quinone, 167. 
Biological Section, office-bearers of, d90; 

Report of, 360. 
Biot, reference to, 107. 
Bircli, Dr. Samuel, on Cleopatra's needle, 

89. 
Birds of Paradise, 209. 
BischofT, in reference to, 105, 111. 
Blackie, W. G., 361, 372; address on 

geography and ethnology*-, 55, 382 ; paper 

on New Guinea, 202, 385. 
Blackwood, Capt, navigation of the Fly 

river, 209. 
Blackwood, publisher, narrative of visit of 

Thomas Graham to, 275, also 271. 
Blainville, reference to, 107. 
Blast, furnace tar, 4. 
Blyth, Prof. James, on endless solenoid 

galvanometer and voltmeter, 187, 372, 

386. 
Boa in New Guinea, 216. 
Board, proposed technical, for Glasgow, 50. 
Bohemia, coal area in, 142. 
Boehmeria, nivia, 138. 
Bolckow. Vaughan k Co., recovery of 

salts from brine in rock salt deposits, 14. 
Bombay, 126. 

Books, added to Library, 392-394. 
Borates of calcium, magnesium, potaasium, 

and ammonium, determination of, 73. 
Borax in China, 143. 
Bostock, Dr., 283. 
Boston, 120. 

Braehead Street, Rutherglen Road, de- 
formed children in, 241. 
Bramapootra, 126. 
Brambles, in China, 137. 
Brande, Professor, 267, 302. 
Bread, alcohol from fermentation of, 356. 
Breschet, reference to, 107. 
Brewster, Dr., reference to, 268, 272-273, 

282. 
Britain, New, 202. 

British Association, meeting at York in 
1844, reference to, by Thomas Graham, 

297. 
British Association, reference to, 109. 
British Islands, coal area in, 142. 
Brocoli in China, 137. 
Bronze coinage, 301. 
Brougham, Lord, 285, 306. 
Brown and Wingrove, assayers, 302. 
BroH-n, Dr., 263. 
Brussels* Sprouts in China, 137. 
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Bryce, C. C, 381. 

Bryce's Bill as to Moors and Forests, 385, 

386, 387. 
BnchaDan, the late Dr. A., 367. 
Buchan, W. P., 359. 
Buckland, Dean, referred to by Thomas 

Graham, 298. 
Buckwheat in China, 136. 
Buddha Priest, early travels of, 145. 
Bunsen, 300, 308. 
Burmah, 122. 
Buru, Cape of, 204. 
Bnms, J. Cleland, motion as to Public 

Health Act, 376-378. 
Bush Turkey, 215. 

Caffniard de la Tour, reference to, 107. 

Calcium, determination of Sulphite of, 70 ; 
determination of Phosphate of, 74. 

Caledonia Road, south side, deformed 
children in, 241. 

Calvert, Crace, referred to by Thomas 
Graham, 310. 

Cambridge, Duke of, 308. 

Cambridge, reference to, 109. 

Cameron, Dr., M.P., 387. 

Campbell, Dueald, 308. 

Campbell, J. M., 364. 

Campbell, Miss, 264. 

Camphor Trees in New Guinea, 217. 

Canaan, 145. 

Canada, comparison with Northern Man- 
churia, 133. 

Canal, Grand, in China, 129. 

Cannabis Sativa, 138. 

Canton, 122, 123, 125. 

Capillary Transpiration, in relation to 
chemical composition, 354. 

Carbolic Acid, behaviour of indicators 
with, 77. 

Carbonic Acid, solidification of, by Thomas 
Graham, 296. 

CarUle, T., 361, 372. 

Carlyle, Thomas, reference to, 41. 

Carmichael Street, Govan, deformed child- 
ren in, 244, 245. 

Carpentaria, Gulf of, 203. 

Carpenter, W. B., reference to, 107. 

Carnn, deformed children in, 239. 

Carswell, Dr., London, 293. 

Cassowary, species of, in New Guinea, 
215. 

Castle Street, deformed children in, 244. 

Cauliflower in China, 137. 

Cedars in New Guinea, 217. 

Central Asia, Chinese routes to, 144. 

Ceylon, 145. 

Chads Bay, New Guinea, 206. 

Chalmers, Mr., in New Guinea, 210. 
Chalmera* MhsceU&ny, writings of Thomas 

Graham for, 270. 



Chalmers, Missionary, on cannibalism in 
New Guinea, 222. 

Chalmers, Rev. Dr., reference to, 267. 

Chang-ELmg-foo, 124. 

Charcoal, as a heat conductor, 92. 

Charcoal, animal, effect of, on solutions, 
356. 

Charles Louis Mountains, reference to, 204. 

Che-Linff Pass, 123, 125. 

Chemicid Industry, Society of, 154. 

Chemical research, Tatlock on, 16. 

Chemical Section, address to, by R. R. 
Tatlock, 1 ; office-bearers of, 390; report 
of, 359. 

Chemical Society, Edinburgh, 262. 

Chemical Society, Journal of, 152, 156, 
157 ; abstracts of foreign papers in, 157. 

Chemistry, cultivation of, in universities, 
&c., 153. 

Chemistry, description of investigation in, 
162. 

Chemistry, Dr. Dobbie on recent progress 
of, 150. 

Chemistry, Institute of, 154. 

Chemistry, journals, proceedings, &c., 
containing papers relating to, 159. 

Chemistry, language of, by Thomas Gra- 
ham, 266. 

Chemistry, organic, researches in, 164. 

Chemistry, periodicals relating to, 152. 

Chemistry, practical, 289. 

Chemistry, progress of, 360. 

Chemistry, relation of investigation in, 
to manufactures, 163. 

Chemistry, uuiversity teaching of, 170. 

Chih-Kiang, 121, 129, 139; coal area in, 
142. 

Cherries in China, 137. 

Chevreul, reference to, 107 ; reference to, 
bv Graham, 289. 

Chih-li, 124, 131 , coal area in, 142 ; popu- 
lation iU) per square mile, 145. 

China, artificial canals in, 129; as afield 
for commerce, 148 ; comparison of rivers 
in, with those of India, 126 ; compariflons 
with America, 120; coal areas m, 142; 
dyes in, 139; food products of, 134; 
geology of, 140 ; highways in, 129 ; 
mtercommunication in, 123; iron in, 
143; lakes iu, 129; metals in, 143; 
meteorology of, 133 ; mountain chains 
of, 120 ; oil-producing plants in, 12^ ; 
origin of the people, 144 ; physical geo- 
graphy and geology of, by Rev. A. 
Williainson, 119; population of, 145; 
precious stones in, 143 ; rivers of, 122 ; 
salt in, 137; scenery of, 122; irilk 
in, 137; soil of, 130, 132; strait of, 
20(3 ; sorrow of, 125 ; telegraphic syBtem 
in, 130; textile fabrics in, 137; the 
future of, 145; scenery of, compared 
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with that of Scotland, 122 ; trade routes 

ioy 143; uses of the rivers in, 127, 128; 

vegetables in, 137 ; water-ways in, 123. 
Chinese, origin of the, 144 ; staccs in ^o 

civilization of the, 149 ; social habits of, 

147 ; the social economy of the, 146 ; 

their early maritime ijosition, 147 ; their 

race, 145; 
Ching-too, 120. 
Chloroxnaphthyl, 1G6. 
Choke-damp, 310. 
Cholera, said to bo at Port-Glasgow in 

1831, 289. 
Christie, Dr., 361, 372. 
Christie, Woolwich, 264. 
Christison, Robert, Edinburgh, reference 

to, 264. 
Chimg-KingFoo, 123. 
Clark, Dr. Thomas, on isomorphism, 264, 

291, 359. 
Clark, John, Ph. D. , on a new process for 

the separation of nickel from cobalt, 183. 
Clays in China, 143. 
Chhythom Street, Calton, deformed chil- 

c&en in, 247. 
Cleland, Professor John, reference to, 108. 
Climate of New Guinea, 213. 
Cleopatra's Needle, presentation of model 

of, by Dr. Henry Muirhcad, 88. 
Clyde, river, 226. 
Clyde, river, in New Guinea, 207. 
CcMd areas in China, 142. 
Coal fields in China, 140. 
Coal tars, recovery of, 3. 
Cobalt and nickel, separation of, 359. 
Cobalt, Dr. Clark on separation of, 183. 
Cobden, Richard, reference to, by Thomas 

Graham, 299. 
Cobley, ^yilliam, Desborough, on physical 

geography, 58. 
Cocas i>ela, 139. 
Cochin-China, 122, 133, 138. 
Cockatoos in New Guinea, 215. 
Coleman, J. J., 360; on a new tlieimometer 

or thermosco|)e, 94, 379 ; on a new method 

of measuniig the heat-conducting power 

of various materials, such as cotton, wool, 

hair, &c., 90, 379; on MitliofiF^' metallic 

spiral hvgroscope, 360, 379 ; on the life 

aud works of I'lionias (irahani, 260, also 

372. 
College of cheniisty, proposed, 298. 
College of scienco and arts, reference to, 

33,49. 
Collingwood Bay, New C^luinea, 207. 
Colloid septa, 332. 
Colquhoun, Dr. llugli, 264, 285. 
ColquhouD, on trade routes in China, 143. 
ColvUle, Miss, 311. 

Committees of Council, members of, 389. 
Commons, House of, petition to, 387. 



Coningsby, quotation from, 150. 

Connal, M., 361, 372. 

Constable, publisher, Edinburgh, 263. 

Consort, Tlie Prince, 308. 

Cooper, iSouthport, 303. 

Copeland Road, Govan, deformed children 

in, 248. 
C<">pper in China, 143. 
Copper wire, 376. 
Corea, 120, 125. 
Corchorus cax)sularis, ] 38. 
Corresponding Members, list of, 401. 
Cosmos of Humboldt, reference to, 56. 
Coste, reference to. 111. 
Cotton in China, 138. 
Cotton, silicated as a heat conductor, 03. 
Council, election of members, 389, 372; 

report of, 367. 
Coutts, Miss (l^roness Rurdott*Coutts), 

308. 
Cracatoa, Java, dust rain at, 379. 
Craig, Edward, 319. 
Cramer, reference to, 113. 
Cranoges and lake dwellings, 61. 
Cretin Cape, New Guinea, 206. 
Crocodiles in New Guinea, 216. 
Crossford, deformed children in, 250. 
Cruciferous plants in Cliina, 139. 
Cruni, Walter, 289, 305, 319. 
Crystalline fonn, 364. 
Crystallization, influence of air on, 322. 
Crystallographic Axes, 376. 
Cullen, Dr., 284. 
Cuscus in New Guinea, 216. 

D'Abrcu, Antonio, reference to, 202. 
D'Albertis, M., in New Guinea, 209. 
Dalhousie, Lord, on technical education, 

30. 
Dairy, deformed children in, 239. 
Dalton, John, foundation of chair of 

chemistry in Oxford, 299. 
Dalton, John, reference to, 261, 291; 

Theories of the Interactions of Gases, 

317, 318. 
Dam pier, reference to, 202. 
Damp Subsoil, effects of, 251. 
Daniel Cell, as devised by Sir W. Thomson, 

97. 
Dansken, J., 358, 359. 
Darmstadt, 300. 
Dates in China, 1.37. 
Daubcny, Dr. , 290, 298, 299. 
Davy, Sir H., 264, 285- 
Dawson, Principal, 367. 
Deep-Well Water, phosphoric acid in, 

357. 
Dendrolagus in New Guinea, 216. 
Delambert, harmonic analysis of, 164. 
Dialysis, Graham on, 332. 
Diamonds in China, 143. 
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Dietary of working-man's family, 253; 
estimate of cost of, 256. 

Dilke, C.,dl3. 

Dibromanthraqiiinone, 166. 

Dirvell on separation of nickel and cobalt, 
183. 

Discussion by Mr. Dixon on Mr. Dyer's 
paper on technical education, 48, 374. 

Disraeli Mount, New (xuinea, l.M)8. 

Dixon, Robert, reference to, 9. 

Dobbie, J. J., 360; an apparatus for 
showing crystallographic Axes, 376; on 
a goniometer, 376 ; on method for deter- 
mining specific gravity of solids, 82 ; on 
progress in chemistry', 380; on recent 
progress of chemistry, 150; on 8i)eci6c 
gravity, 384. 

Donders, reference to, 113. 

Dogs in New Guinea, 216. 

Dorey in Now Guinea, 208, 222. 

Drawing, teaching of, 38. 

Dubu, sacred house in New Guinea, 222, 
223. 

Ducie Cape, New Guinea, 206. 

Dutrochct, reference to. 107. 

Dulong, reference to, 107. 

Dumas, 291, 295, 300; lettre de M. 
Graham &, 356; reference to, 107: 
reference to. 111; reference to, by 
Graham, 290. 

Dumbarton, Main street, deformed children 
in, 246. 

Dum<^ril, reference to, 107. 

Duncan, Dr. Eben., motion as to Public 
Health Act, 361, 378, 379. 

Dundee, University College, 30. 

Dunlop, E. D., 365. 

Dunlop, N., 367, 371. 

Dunn, optician, 269. 

Dunn, philosophical instrument maker, 
267, 276. 

D'Urville, reference to, 204. 

Dutch, claims of, as to New Guinea, 223, 
224. 

Dyaks of Bornea, reference to, 221. 

Dye in China, 139. 

I^er, H., 365, 373, 374 ; on technical edu- 
cation, 118; paper on, by E. M. Dixon, 
48. 

Earthquakes in New Guinea, 215. 
East Cape, 206, 211. 
Eastlake, Sir C, 312. 
Echnida in New Guinea, 216. 
Ecole Centrale, Paris, i-eference to, 29. 
Ed^eworthia, 139. 
Edinburgh Medical Journal, 263. 
Edinburgh Monthl^r Magazine, 263. 
Edinburgh University, reference to, 107. 
EdwardB, John, 366. 
Egyptiana, tlie, 145. 



Elder, Mrs., reference to foundation of 

Elder chair of naval architecture by, 35. 
Electric currents and potentials, Sir W. 

Thomson on measurement of, 96. 
Electric engineering, 33. 
Electro-dynamometer, reference to, 99. 
Ellangowan steamer on the Fly river in 

New Guinea, 209. 
*' Eliot George,** reference to, by Thomas 

Graham, 307. 
EUora Temples in India, 61. 
Emeralds in China, 143. 
Embryology, contributions to, by Dr. 

Allen Thomson. 108. 
Empress of French, 304. 
Enckc, reference to, by Thomas Orahun, 

292. 
ICndowment Commissioners, reference to, 

27. 
Engineering, electric, 33. 
Engineering, varieties of, 22. 
Etherification, 357. 
Ethnography, definition of, 60. 
Ethnology and Geography, Dr. W. G. 

Blackie's address on, 55. 
Ethnological Section, report of, 361 ; office- 
bearers of, 361. 
Ethyl alcohol, Richter on constitution of, 

191. 
Eucalyptus in New Guinea, 217. 
Eudiometry, relation of spongy platinum 

to, 324. 
Euphrates, 138. 
Euphrates Valley, 145. 
Evans (of Hill k Evans), vinegar miEkers, 

307. 
Evening classes for working boys, 39. 
Ewing, W., 361, 372, 374. 
Exchanges with other societies, 395. 

Fairfax Harbour, 205. 

Faraday, M., 281, 301 ; on glacial action, 
309 ; li([uiiication of gases, 320. 

Fauldhouso Street, Rutherglen Road, de- 
formed children in, 241. 

Felspar, potash-alum from, 13. 

Felton, 298. 

Fenton, of Rochdale, 295. 

Ferguson, Professor John, reference to, 
261, 359. 

Ferguson, Win., 362, 365. 

Ferrocyanide of potassium, early researchei 
of Thomas Graham, 277. 

Finance committee, members of, 389. 

Fiuisterre Mountains, 208. 

Finsch, Dr., on social customs of Papuans, 
222. 

Fire -damp, 327. 

Fire-resisting properties of building 
terials, 358. 

Five pound gold piece, 304. 
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Fleming, Dr., of Flisk, 274. 

Fleura dc garauce, in Vauciuse, 15'). 

Flourens, reference to, 107. 

Flutmanu, chemist, 300. ' 

Fly river, in New (iuiuea, 204, 208, 200. 

Foo-Chow, 123. I 

Foo-Chow river, 120. 

Food of working classes, 2tU. 

Food products of China, 134. 

Foo-Iuen, 13G. 

Foo-nieu-shan hills, 121, 144. 

Foo-Sung-Kiang, 124. 

Forbes, Edward, reference to, 105. 

Forbes on heat conduction, 90 ; views as to 

viscosity in ice. 300. 
Forensic medicine in relation to chemistrv. 

154. 
Formic acid, artificial production of, IGO. 
Formosa, Island of, 110, 121 ; sulphur in. 

143. 
Fortune, wanderings in China, 133. 
Foucanlt, physicist, 302. 
Foulis, W., on incandescent tiames, 374. 
Fourcroy's system of cliemistry, 2S7. 
Fourier's harmonic analysis, 104. 
France, 123 ; measures of government of, 

on the pollution of rivers, 155 ; coal area i 

iu, 142; silk culture in. 138. 
Frankfort, 290, 300. 
Franklands, Dr., 311. 
Franklui, Benjamin, 271. 
Frauenhofer telescope, 292. 
Fraxinus Chinensis, 139. 
Fredeiick William University, Uerlin, 

reference to, 20. 
Free spaces in densely populated localities. 

358. 
French Institute, reference to, 289. 
Freaenius' Institute of chcmi.stry in Wies- 
baden, 175. 
Frcre Cape, New tJuinea. 207. 
Friction, heat of, 355. 
Fruits in China, 137. 
Fyfe, Dr., 282, 308. 
Fnh-Kien, coal area in. 142. 

Gairdncr, Dr., 280. 

Oalvani, refei'ence to first pliysiological 
experiment of, 164. 

Oalvanometer, 380; solenoid, Blyth on. 
187 ; new current, l>v Sir W. Thomson. 
99 ; Sir W. Thomson*'8 new, 96. 

Ganges, the, 126. 

Garancinc, pollution of rivers by manu- 
facture of, 155. 

Garnets in China, 143. 

Gas-works, refuse lime of, 356. 

Gases, absortion of, by liqui<ls, 320 : dif- 
fusion of, 323 ; molecular mobility of, 
331 ; physical conditions influencing the 
motion of, 328 ; Thomas Craham on 
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physical phenomena of, 328, 329, 330, 

331 ; (iraham 8 researches on the law of 

diffusion of, 325. 
Gaultheria procuml>ens, 169. 
Gay-Lussac, 107, 289, 290. 
Geelvhik Bay, 203. 
Gildard, Thomas, 359. 
(Geographical and Ethnological Section, 

office-bearers of, 391 ; report of, 308 ; 

Dr. Blackie's address to, 55. 
Geography, physical, 56. 
Geography, physical, of China, 119. 
Cieographical Section, office-bearers of, 

372; rei)ortof, 361; ofhce-beurcrsof, 3<)I. 
Geology of China, 140. 
(ieometry, teaching of, 37. 
(lennau chemical manure makers, reference 

to, (>. 
(Tcnnan missionaricH at Dorev, in New 

Gumea, 222. 
Giessein, 290, 29}), 300. 
Gilbert, Dr.. 319. 
GUfillan, W., :i59. 
Gladstone, W. K., refenv<l to by Thomas 

Graham, 307. 
Gladstone Mount, New Guinea, 208. 
Glasgow, origin of. 261; tickets in, 232; 

Science Lectures Association, reference 

to, 1 14 ; university buildings, 109. 
Glasgow university, foundation of, 261 : 

re^rence to, 108. 
Glauber salts, recovery of, 1 4. 
Gmeliu's salt, 277. 
Goethe, reference to, 106. 
(^old in China. 143. 
G oldie, James, 366. 
Goldie, river. New Ciuinea, 215. 
Goniometer, 376. 

Goodeuough Bay, New (Uiinea, 207. 
(ioodsir, John, reference to, 105. 
Goodwin, IJobert, 368. 372: appointment 

as auditor, 364. 
Goura coronata, 215. 
Cfovan Street, deformed chihlren in, 238. 
(iraafian vesicle, reference to. 111. 
Grae1>e cm quinone, 166. 
(iraham, tlumes, 292. 
(iraham John, letters to. fi*om Thomas 

Graham, 290, 298. 
Graham Lecture, minute as to, 382. 
Graham, Margaret, the sister of Thomas 

(iraham, letters from Thomas Graham 

to, 262, 263. 264. 267, 269, 272, 274, 

289, 292. 294, 295, 297, 299. 301, 302. 

303, 304, 305, 30<>. 307. 308, 310, 311, 312. 
Graham Medal Fund, balance sheet of. 

38(); history of, 260. 
(iraham Mrs., mother of Thomas Graham, 

letters from Thomas Graham to, 262; 

264, 265, 266, 267, 268, 270, 272, 273, 

274, 276. 281, 284, 285, 286. 287. 
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(.Traham .Street, Airdrie, deforine<l cliildreii 
Id, 246. 

(vrahaiu, Thomas, life and works of, 2(K), 
165; on alcoates, 387; applied for 
professorslup in University College, 
London, 21)2; work from 1829 to 188G; 
appointment of his brother to otlice in 
the mint, .306; arscniatos, phosphates 
antl modifications of phosplioric acid, 
337; as the founder of the practical 
system of teaching chemistry, 310 ; letter 
to Mr. Dumas, '^7^(y\ analysis of his dis- 
coveries by i\. Angus Smith, 320; 
absorption of gas by liijuids, 320; on 
finite extent of the atmosphere, 321 ; on 
Longchamp\s theory of nitrification, 321 ; 
on aS)8orption of vapours by li(juids, 321 ; 
on infiuence of air in determining the 
crystallization of saHne solutions, 322; 
on diffusion of gases and their separation 
by mechanical means, 323 ; on oxidation 
of Phosphorous, 323; on a singidar 
inflation of a bladder, 324; on applica- 
tion of spongy platinum to eudiomctry, 
324 ; on the law of a diffusion of gases, 
325; mechanism of respiration, 326; on 
phosphuretted hydrogen, 327; on anew 
property of gases, 327 ; became F. U.S. E. , 
287; papers in 1828, 288; poverty and 
frugal living of, 288; teaching mathe- 
matics in Glasgow, 288; became l*h.l>. 
of Giessen in 1837, 295 ; lx)yhood of, 261 ; 
early physical speculations, 313; on ab- 
sorption and liquefaction of gases, 313 ; on 
the physical condition of the atmosphere 
at great elevations, 314; origin of his work 
on diffusion of liquitls, 314; notion of 
iMJginning a chemical engineer, 314; on 
weight of cliarcoal, 314; on copper bolts, 
314; sand-bath as a cooking apparatus, 
314; on a marine amulet, or life pre- 
server, 314, 315; extracts from his early 
note-books, 317; early speculation on 
Daltou's theory of vacua, 317; techno- 
logical notes, 318; researches in Ferro- 
cyanide of potassium 277 ; early recol- 
lections of, by 11. Angus Smith, 318; 
effect of animal charcoal on solutions, 
356; election to chair of chemistry 
in University College, London, 294: 
number in class, 294, 295; constitution 
of salts, 342; diffusion of li«piids, 346, 
349, 350, 351 ; familiar illustration of 
eudosmose in a letter to his sister, 309 : 
formed chemical society of London. 320 ; 
had chemical lal>oratory in Portland 
Street, 288; appointed in 1830, Professor 
of Chemistry in Andersonian University', 
288; honours gained by, 320; hydrated 
salts, RUi\ metallic oxides, and isomerism, 
,3.W; lectures on chciniBtry in Kdinburgli, 



284 ; need of money to carry on experi- 
ments, 319; on alcohol derive<l from fer- 
mentation of bread, 356 ; on capillar^' 
transpiration of liquids in relation to the 
chemical composition, 354 ; on choke- 
damp, 310 ; on constitution of sulphates, 
345 ; on etherification, 357 : on heat dis- 
engaged in combinations, 345; on heat of 
friction, 355 ; on preparation of chlorate 
of potash, 35() ; on phosphonc iicid in the 
deep well water of the London basin, 357; 
on silicic acid, 355; on the water of cryst- 
allisation of soda-alum, 342 ; on useful 
application of the refuse lime of gas 
works, 356 ; i)aper on atomolysis in 
1863, 311; papers bv, in 1827, 268; 
papers from 1839 to 1844, 299; papers 
in 1837-9, 297 ; papers between 1844 
and 1 855, .300 ; appointed Master of tlie 
Mint in 1855, 300 ; ^xirents of, 261 ; 
private character of, 313 ; on fire damp, 
327 ; on the motion of gases, 328 ; on 
effusion of gases, 328 ; on transpiration 
of gases, 329; on velocities of gases, 330; 
<»n molecular mobility of gases, 331 ; on 
atmolysis, 332 ; on absorption and dia- 
lytic separation of gases by colloid septa, 

332 ; on absorption of gases by metals, 

333 ; on hydrogen in meteoric iix>n, 334 ; 
on occlusion of hydrogen in metals, 334; 
on hydrogenium, 334, 335; speculation 
on matter, 335 ; on salts and solutions, 
336 ; promotion to office in Royal Society 
proposed, 305 ; proposal to translate 
Thenard's chemistry, 286 ; publication 
1861 of researches on Liquid Diffusion, 
305 ; theoi-y of voltaic circle, 345 ; water 
as constituent of salts, 340. 

(Traham, William, letter from Thomas 

(Jraham to, 293. 
Grand Canal in China. 129. 
Grand Canal at Chin-kiang, 124. 
CJranite in China, 140. 
(4rant, Mrs., 304. 
ivraut. Professor, thanks for his catalogue 

of stars, 383. 
Grant, Sir Alexamler, reference to, 

103. 
Grapes in China, 137. 
Gravimeter, 263. 
(Jray, Andrew, reference to, 99. 
Gray, Dr., 304. 

(iray, Messrs., reference to, 84. 
Great Ltike in China, 129. 
Greece, silk culture in, 1.38. 
Grierson, J., ,361, 372. 
Griffins, chemist, 319. 
Ground-nuts in China, 137. 
Guinea, New, on, 202. 
( Juyot, Dr. Amohl, on physical geography. 
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Hainan, reference to, 119. 

Hair felt as a heat conductor, 9:2. 

Hall, Robert, sonnd in New Guinea, 20r>. 

HaU Sound, 21 1 . 

Ham, 14r>. 

Haniites, 14r>. 

Hamilton, Andrew, ^hT). 

Hamilton, Ijodkseller, Edinburgh, 203. 

Haniilton,8ir W., itlircuohigical Iccturc.STH. 

Hamilton, tlainea, reference to, 1 10. 

Han, 124. 

Han-Kiaug. 124. 

HaugChow, 129. 

Hankow, 120, 123. 124, 140. 

Hannay, M., 3()], 372. 

Hanoi, 122. 144. 

Harcourt, Arclibishop, 297. 

Hart, Arthur, 3<)4. 

Hart, Sir Robert, RU. 

Hartticld Street, deformed children in, 240. 

Hannouic anulysiH referred to. U>4. 

Hasteps referred to, 88. 

Hastings, 30(>. 

Hay, tjohn, 358. 

Head hunting in New («uincu, 221. 

Heat-conducting powers of various sub- 
stances, Coleman's paper (»n, 90. 

Heat conduction, 3(»0. 

Heat disengaged in condiinations, ^^l. 

Hehner, on behaviour of indicatorn to fats. 
and fiitty, and re.sin acids, 81 ; on 
estimation of hurdnes-s Avithout soap 
solution, OS. 

Heliopolis ret erred to, 88. 

Hclmholtx, reference to. 113. 

Hcmans, Felicia, 303. 

Hemaiis, Mr., 303. 

Hemp in Chinu, 138. 

Henderson, O. G., Ril, 3G0, 300. 

Henderson, M., 381. 

Hennett:i Street. Pollokshaws, deformed 
children in, 239, 243. 

Henry's law of al)sorption of gases by 
fluids, 320. 

Hercules Hay, New Guinea, 207. 

Herapath, J., 331. 

Herodotus on the Nile, 127. 

Horschel, Sir John, .300. 

High School, reference to. So. 

Highways in China, 129. 

Hills in New Guinea, 212. 

Hill, Ninian, W.S., reference to, Ho. 

Hill, Sir R., 312. 

Himalaya inountaiu&i, 121, 12(). 

Hind, astronomer, 302. 

Hittitcs, 145. 

Hoai, 120. 

lIoiTman, Dr., chemist, 311, 312; acciilcnt 
to, 302, 305 ; domestic life <if. dc^«cribcd 
by ThoniiUi (Jrahani, 303 : nll'cr of chair 
in Bonn, 30S. 



Hoifer's establishment at Mulhauscn, 289. 
Holland, Lord, reference to, 103. 
lloruer, Leonard, 283. 
Hnnan, 121, 124. 131, 144: coal area ioi 

142. 
Jlonan-Foo, eoal field near, 141, 358, 359. 
Hong-Kong currency, 311. 
Hong-Kong, nmte from, to Sydney, 20f$. 
I lonorary >lembers, List of, 400. 
Hood's Ray, New (iluinea, 211. 
Hope, Professor, 2U2, 2ti7. 
Hopkins, Professor, 308; lecture at Royal 

Institution on ghicial theories, 308. 
llornbill.s in New (luiuea, 215. 
Hosier Street, Rartick, defonned children 

in, 243. 
House Cumniittce, Mend)crs of, 389. 
Ho watt, J., 359. 
Howitt, W., 359. 
tluang-mi, in China, VMS. 
Hudson, J. G., 374. 
Huhlo(»ng-Kiang river, 1 20. 
Hundx>ldt Hay, 20(». 
Hundwddt's Cosmos, reference to, 50. 
Hunan, 120, 129, 139; eoal area in, 142; 

coal in, 140. 
Hunteriau Society, Edinburgh, 202. 
Huntingdon Place, St. Rollox, defonned 

children in, 250. 
Hnnt, Solomon, 311. 
Huon gulf. New Guinea, 207. 
Hupeh, 120, 124, 139; coal area in, 142. 
Hutcheson, J. H., on metho<l for determin- 
ing speciiic gravity i»l Kolids, 82. 
Huxley, Professor, i*eferreil to by Thomas 

Graham, 310. 
Hydrated salts, 339. 
Hydrogcnium, 334. 

i-Chang, 123. 

Imi)eratu.s Koenigii, 200. 

Incandescent gas burner, 374. 

India. 120, 145; comparison of rivers iu, 

witli those of ('hinu, 120. 
Indian Corn in China, 130. 
Indicator, 300 ; paper oi\ various, by R. 

T. Thomson, <>3 : table of results with, 

78. 
Indigo, 139. 
Indigo anil, 1 39. 
Indigo fera tinctoria, 139. 
Inigo Ortiz de Rete, and New (iiunea, 202. 
Indu.s, 120, 138. 

infusorial earth as a heat conductor, 93. 
Injects in New Guinea, 210. 
Institution of Engineers and Shipbuilders, 

lectureship in connection with, 35. 
Iodine, reference to iccovery of, fn)m 

mother-liquors of nitrate of soda of Peru, 

11. 
Ireland, silk culture in, 138. 
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Iron iu gohl, discovered by Thomafi 

Graham, 302. 
IiX)!!, meteoric, gas iu, 3*34. 
Iron ores in China, 143. 
Isatis Indigotica, 139. 
Islay, deformed children, '251. 
Islas de Gorge, 202. 
Islay, dietary iu, 257. 
Isomerism, 339. 
Italy, silk culture iu, 138. 

Jack, Prof. W., 372. 

Jackson -Zentmayer microscope, Limont on. 
118. 

Jacobi, reference to, 105. 

Jade in China, 143. 

Jameson's Scientific Journal, 263. 

Jamieson, Principal A., on tests of alumin- 
ium and copper wire, 372, 376. 

Jamieson's cooking oven, tar from, 4. 

Japau, Mr. Dyer's experience on technical 
education in, 20, 21, 25, also 121. 

Jappens, New Guiuca, 224. 

Java, 145. 

Jeffray, Dr. Janios, refereucc to, 108. 

Jeua, 290. 

Jobi, New Guinea, 224. 

Johnston, James F. W. , letters from Thomas 
Graham to, 276; letter toThomasCiraham, 
278; on ferrocyanidc of potassium. 279. 

Johnsou, J. T., 374. 

Johnston of Durham, 293. 

Journals, comparison of French, German, 
and English Journals, as to papers ou 
chemistry, 160. 

John Street, Bridgcton, deformed children 
iu, 238. 

Jones, Beucc, 311. 

Jorce de Meueses, reference to, 202. 

Juchow, coal field near, 140. 

Justinian, 13S. 

Kalgan, 120. 

Kangaroos in New (guinea, 216. 

Kan-Kiang, 123, 125. 

Kan-su, 120, 131, 141 ; coal area in, 142. 

Kamskatka, 120. 

Kao-Liang, iu Cliina, 135. 

Kasbgar, 144. 

Katrine, Loch, water of, 232. 

Kclvingrovc Museum, reference to, 34. 

Kennedy, Kimkinc, 376. 

Ker, William, 361, 372. 

Kholcn, 1-44. 

Kialong-Kiang, 124. 

KiangSi, 120, 124, 129; coal area in, 142. 

KiangSoo, 121, 124, 129, 139; coal area in, 
142; population in, per square mile, 145. 

Kieu-Kiang, 123, 124. 

KilmaniocK, High Street, deformed chil- 
dren iu, 248. 



Kingnull, ou the Yellow River, 125. 

Kinc William Cape, New Guinea, 208. 

Kitcnener, reference to, 271. 

Knapp, chemist, 300. 

Knox, Ilobert, reference to, 105, 107. 

Kochlin, Daniel, 289. 

Kolliker, Professor, 311. 

Kopp, chemist, 300. 

Kub-lai-Khan, 129. 

Kuldja, 144. 

Kurile Mountains, 121. 

Kwang-Tung, 121 ; coal ai'ea in, 142. 

Kwang-Si, 121, 125 ; coal area in, 142. 

Kwei-Chow, 121, 123; coal area in, 142. 

Kwe-lin-Foo, 125. 

Kwen-Luu, 124. 

Kwen-Lun Mountains, 121. 

KweuLu Mountains, 123. 

Labrador, 120. 

Lacquer in China, 140. 

Ladies' classes iu chemistry, by Profemor 

Hope, Edinburgh, iu 1827, 248. 
Lakes of China, 129. 
Laland, voltaic element of, 378. 
Lamey, reference to, 107. 
Lamp, electric, meter of, Su* W. Thomson, 

101. 
Lanark, deformed children in, 248. 
Landless, W., 359. 
Langlands Road, Govan, defonneil children 

in, 243. 
Langstaflf, 264. 
Lapis-lazuli in China, 143. 
Larkhall, defonned children in, 247. 
Lassaiguc, reference to, 107. 
Laughing Jackass iu New (iluinca, 215. 
Laurent ou Anthracenuse, 167. 
La Villctc, technical school at, 40. 
Lawes, Mr., in New Guinea, 210, 212. 
Lead in China, 143. 
Lead, solution of, by Loch Katrine water, 

233. 
Leather-head in New Guinea, 215. 
Lee, Dr., of Hartwell, 301. 
Lei-Kiang, 123. 
Leipsig, 290. 

Lenarto's hydrogen in meteoric iron, 334. 
Leslie, Pn^fessor,272; notice of, by Graham, 

262, 269. 
Leuckai't, reference to, 105. 
ficwis, George Henry, 306. * 
Lewis, Isle of, bee-hive dwellings iu, 62: 

the dietary in, 257. 
Liao, river, 120. 
Liao-ho river, 126. 
Library Committee, members of, 389; 

report of, 371. 
Library, list of additions to, 392 ; periodi- 
cals added to, 398. 
Liebermann on alizarine, as a quinoue, 167. 
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Liebi|f, 291, 295, iW, 298, 299, 819; on 

artificial production of organic sub- 

tancee, 1G9, 290. 
Lidge, liunmn skull discovered at, 310. 
Lime, determination of as carbonate, (»7 ; 

determination of as hydrate, 63. 
Lime in China, 143. 
limont, W., 3(30; on modern form^j of 

the micro8coix>, 118, 384. 
Liquidity, Thomas Graham on, 204. 
Tiqoids, absorption of vapours by, 321 : 

cliflFusion of, 340, 349, 3.70, 3.")1. 
Litmus, 63, 360; as an indicator, 194; in 

determination of arsenic acid, 198. 
Lloyd, F. J. , on chemical research, 13. 
Loess, analysis of, 131 ; of China, 130. 
Logan, liobcrt, of Eastwood, 276. 
Lomas' manual of the alkali trade, 154. 
London Guilds, reference to, 37. 
London Institute, city and guilds, attentio 

to chemistry, 154. 
London Missionary Society, operations in 

New Guinea, 211. 
Loo-Chow, 124. 
Lord Advocate, 362. 
Louisiade Ltlands, 206. 
Lualaba river, 124. 
Lunge's method of determination of pota«(- 

sium and sodium bicarbonate, 197. 
Mtcdonald, C. F., 307. 
MacDowal, reference to, 264. 
Macfarlane, Rev. Mr., in New Guinea, 209. 
Macintyre, A. C, 36(i. 
Mackinlay, 372. 
Mackiiday Street, deformed children in, 

238. 
Macnee, ^ir Daniel, his portrait of Dr. 

Alien Thomson, 115. 
Maophee, Dr. Angus, 36(). 
Maorobei-t's, George, 362. 
Mactear, James, analysis of sugur solutions 

in which bones liad l)eeu immerse<l, 237. 
Madder dyes in Alsace, 289. 
Madder in China, 139. 
Majendie, reference to, 107. 
Magnesium, dctenniuatiou of sulpliite of, 

70 ; in China, 143 ; detcnnination of, as 

hvdrate and carbonate, 68; determination 

of chloride, nitrate, and sulphate of, 6\). 
Magnetic iron ore in China, 143. 
Magnus, reference to, by Thomas Graham, 

292. 
Maepie in New Guinea, 215. 
Mauiassa river, in New Guinea, 211. 
Main Street, Bridgeton, deformed children 

in, 238. 
Main>Street, South- Side, deformed children 

in, 238. 
Maine, i*eference to, 120. 
Malay Papuans, racial characters of, 218. 
Malays, reference to. 202. 



Mammalia in New Guinea, 216. 
Manchuria, 120, 125, 131 ; coal area in, 

142 ; extent of, 133 ; population of, 133; 

rivers in, 126. 
Marine amulet or life preserver of Thomas 

Graham, 314, 315. 
Mann, John, election as treasurer, 368, 

372. 
Marbles ui China, 143. 
Marburg, 300. 

Markham river. New Guinea, 207. 
Marks, J., 380. 
Mason work, 358. 
Massachusetts, reference to, 120. 
^lathemntical geography, reference to, 58. 
Matter, Thomas Graham on constitution of , 

335. 
Matteucci-, 2il7. 
Maidmein, 143. 
Mayence, 299. 

Mayer, John, motion by, 363 ; 364. 
Mayer, reference to, 105. 
M*Cluer's inlet, 203. 
M'Indeor, Dr., reference to, 251. 
M*Kendrick, J. G., delegate to societies. 

363 ; election as secretaiy, 372 ; memoir 

of Dr. Allen Thomson, 1(»2, 386. 
M*Vail, D. C, 360. 
Megapodius, in New Guinea, 215. 
Measuring, 358. 
Meikleham, Professor, 288. 
Mei-Iing Pass, 125. 
Mei-tz, in China, 136. 
Mekong, river, 122. 
Milanesia, the black islands, 203. 
Melvill van Carnbee, on Dutch possessions 

in New Guinea, 224. 
Membership for 1882-3, 367. 
Members of Society, list of, 400. 
Mercuiy in China, 14,'J. 
Merkus Ord, 204. 
Metallic oxides, 339. 
Metals in China, 143. 
Metals, occlusion of hydrogen by, 334. 
Meteoric iron, gases in, 334. 
Meteorolog\'' of China, 133. 
Methyl and ethyl alcohols, 360. 
Methyl alcohol, Richter on constitution of, 

191. 
Methyl orange, 63, 194, 198, 360. 
Meyer, Dr. A. B., travels in New Guinea, 

205. 
Mho-meter, by Sir W. Thomson, 100. 
Microscopes, Limont on, 118. 
Mi-Ling, 123. 

Millar, .lohn, advocati', reference to, 102. 
Miller, A. Lindsay, 358. 
Miller, A. B., 381. 
MUler, M., 270. 
MUlet, in China, \U, 
Milne- Edwards, reference to, 107. 
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Mineralogical Society, 154. 

Mining, teaching of, 34. 

Min-Kiang, 124. 

Min, river, 12G. 

Mint, Thomas CI rahunrn rehitious to the, 
300. 

Minutes of Sessiou, H(]2. 

Missionaries in New Guinea, 208. 

Mitchell, George A., 364. 

Mitchell, J. L., 379. 

Mitchell's experiment on colloid septa, 33*2. 

Miihoil's metallic spiral hygroscopc, 360. 

Mitscherlich, on isomorphism, 291 ; 
reference to, by Thomas Graham, 290; 
291 ; theoretical views of water, &c. , 
291. 

Molenda, A., method for the volumetric 
determination of phosphoric acid in the 
superphosphates, 75. 

Moluccas, reference to, 202. 

Mongolia, extent of, 133; population of, 
133. 

^lonteagle, 308. 

Moore, Thomas, reference to, 107. 

Moors and Forests, parliamentary ))etition 
regarding, 387. 

Morayshire, dietary in, 257. 

Moresby, Capt., surveys in New Guinea, 
205, 206 ; his description of China Strait, 
New Guinea, 206. 

Moresby Port, 208, 211. 

Motherwell, deformed children in, 249; 
King Street, deformed children in, 249; 
Merry Street, deformed children iu, 249. 

Monkden, 120. 

Muir, Alexander, 358, 359. 

Muir, Thos., 361, 372. 

Muirhead, Dr., presentation to society of 
cast of Cleopatra's needle, 384; on pro- 
cess of casting steel plates, 384 ; delegate 
to societies, 363 ; reierence to, in annual 
report, 368; on Mr. Josejjh Whitley's 
centrifugal mode of casting steel plates, 
86; presentation of a model in brouze of 
Cleopatraa needle, 88; election as presi- 
dent, 371. 
Mull, dietary in, 257. 
Mulberry, 139. 

Mundella on economical ujsc of waste- 
products of gas-works, 168. 
Munsie, R. G., 366. 
Murray Island, 211. 

Naegele, reference to, 105. 
Nanking, 138; cloth of, 138. 
Napoleon, by Sir Walter S<.!ott, 263. 
Naturfurscher, meeting at Weimar, des- 
cribed by Thomas Graham, 290. 
Naval architecture, 32. 
Nectaries in China, 137. 
Nederlansch Indie, 223. 



- Ne|;ro race, 145. 

I Neilston, deformed children io, 239. 

Neilson, W. Montgomerie, on technical 
education, 32. 
I Neilson, Cape, New Guinea, 207. 

Nestorian Missionaries, 138. 

Neumann, refei-ence to, 105. 

Neva steamer on the Fly river, 210. 

New Britiiin, reference to, 202. 

New City Road, deformed children in, 242. 

New Guinea, as a sub-region of Australia, 
213; bibliography of works relating to, 
224, 225; boundaries of, 203; capes 
on coast of, 206; climate of, 213; 
dimensions of, 203; earthquakes in, 215; 
fauna and Mora of, 215 ; general character 
of, 203; gold in, 215; harbours of, 205; 
inhabitants of, 217: sketch of our know- 
ledge of, by Dr. W. G. Blackie, 202; 
soundings near, 214; vegetation of, 217; 
waterways in, 212. 

Newlands, J. F., 366. 

New Orleans, 120. 

Ngan-Whin, 120; coal area in, 142. 

Nice, 301. 

Nickel, separation of. Dr. Clark on, 183. 

Nicol, .James, 372. 

Nield, Mr. , 299. 

Nile, Herodotus on, 127. 

Nineveh, Palaces, reference to, 61. 

Niepcc, heliographic drawings of, referred 
to by Thomas (iraliam, 296. 

Nithsdale Road, deformed children in, 238. 

Nitre ui China, 143. 

Nitrification, 321. 

Nitro-glycerine, manufacture of, 362. 

Northampton, Man^uis of, 296. 

North river olf China, 125. 

Nova Scotia, 120. 

Nursing, effects of bad, 252. 

Nutmeg in New Guinea, 217. 



Oatland Square, deformed children in, 241. 

Oatmeal, use of, 234, 235. 

Odling, Dr., referred to by Thomiw 

Graham, 310. 
Office- Hearers, List of, 388. 
Oil-producing plants in China, 139. 
Oken, reference to, 10(). 
Oliver & Boyd, 286. 
On, the city of, reference to, 88. 
Opossum in New Guinea, 216. 
Opium in China, 136. 
Oroliard Street, Partick, deformed children 

in, 242. 
Ordinary Members, list of, 401. 
Ornament, 358. 
Ortoos, 131. 
Oscot College, 303. 
Ottoos, 120. 
Ovum, early researches as to, HI. 
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Owen Stanley mountainn in New Guinea, i 

204,211, 212. 
Owen's College, chair for organic cbcmistrv 

in, IbU 
Oxalic acid, artificiul production of, KiO. 
Oxfonl, lot), 290-20S. 

Paincum, in (^-hina, IX). 

Palladium, 3rU ; (Graham's researches on, | 

333, 334. 
Palmcrston, Li>r<l, 302; letter to Thomas 

(jlrahaiii from secretary of, 30<>. 
Panaroii, river, moutli, 210. 
Pander, C, reference to, 111. 
Paper in China, 130. 
Papers committee, members of, 3StK 
Papua, 0\\\t of, 203 ; island of, 202. 
Papuan buildines, character of, 219. 
Papuans, cannibalism amongst the, 221 ; 

ilispositions of, 220 ; nicial characters 

of, 217, 21 S; religiouB beliefs of, 221; 

Bocial customs of, 221 ; wcapoiiM used j 

by, 220. 
Paiadise araggiana, 212. 
Paris, ;J04. ^ ; 

Parrots in New (Guinea, 215. 
Parsee Point, New (iuinea, 207. 
Patersen. K«)bert K, 3(;2, 305. ' 

Paton, William (iraut, 304. 
Payon, reference to, 107. ' 

Peaches in China, 137. 
Pearls in China, 143. 

Pears in China, 137. i 

Pease in China, 130. 

Pechili, gulf of, 120. , 

Peelet, on heat conduction. 00. 
Peel, Sir Robert, 20S. 
Pei-ho, river, 12."). 
Peking, 120, 124, 120, 130. 
Pelouze, chemist, 304. 

Perilla ocimoides, 130. ' 

Periodicals, list of. 308; relating to chem- 
istry, 1.V2. I 
Perkin, on alizarine, 2GS. 
Perrv, John, reference to, 100. 
Persia, 144. 

Persimmons in Cliina, 137. 
Petershill Street, deformed children in, 

240. ' 

PeUtion, Public Health Act, 302. 'M\S. 
Petroleum iu China, 143. 
Phalangcr, in New Guinea, 210. 
Pharmacy Act. 154. 
Phenacctolin, 300; a.san indiaitor, 04, 194: 

in <letenninatiou of arsenic acid, 190. 
Phenolphthalein, 3(H) ; as an indicator, 104 : > 

in <letermination of arsenic acid, liH). 
Phillips, chemist, 28'). , 

PhUips. Richard, 203. ' 

PlueniciauB, 14,^. 
Phosphuretted hydrogen, 327. 



Phosphates, 337. 
Phosphorus, oxidation of, :^23. 
Phosphoric acid, 337 ; in deep-well water, 

.'C>7 ; in the superpho-sphutes, 7o. 
Photography, Thomas Graham on early, 

200. 
Phthalic acid, 100. 
Physiciil geography of China, 1 1 0. 
Pigs in New (iuniea, 210. 
Piuc-shan-HicD, 123. 
Pinkei*ton, A., 380 ; on how smoke nuiy Ik* 

protitiibly consumed, 220. 
Pisani, on .^epanition of nickel and coKilt, 

183. 
Platinum, relation of spongy to eudiometer, 

324. 
Piatt, Raron, 301. 
Playfair, Lyou, 302, 312, 310. 
Plums in Chiua, 137. 
Plymouth, reference to, 10ft. 
Po-Kiang, 125. 

Political (icogi-aphy, delinition of, 60. 
Polygonum tinctbrium, 130. 
I'olyncsian Papuans, racial characters of, 

218. 
Pomegranates in China, 137. 
Poo-'loo river, 120. 
Population of China, 14.5. 
Porret, Mr., 303; on ferrocyanide of 

potassium, 277. 
Porridge, oatmeal, value of, iu diet, 2.'>o. 
Port Moresby, 205. 
Potash, analysis of commercial carbonate 

of, 177 ; commercial car}>ouate of, 300 ; 

chlorate, 350: in beet-root molasses, 14: 

in China, 143: in sheep's wool, 13; salts, 

artiticial production of, 12 ; salts from 

brine, 14. 
Potassium arseniate, determination of, 107; 

bicarlionate, determination of in presence 

of normal carbonate, 197: arsenicate, de- 

tenninution of, 20O. 
Potatoes in China, 137. 
Potential regulator of Sir W. Thomson, 

101. 
Powell & Lealand, lenses for microscopes, 

118. 
1^0 well, travels in New Guinea, 208. 
Po-Yang, 131. 

Po-Yang Lake, 124, 125, 120. 
Prehistoric instruments and weaponf, 

01. 
Prehistoric skull, 310. 
Prevost, reference to. 111. 
Prince Kdward Island, 120. 
Prout, Dr., 283. 
Prussia, coal area in, 142. 
Public Health Act, 3<)7; motion as to, 37(i. 
Pueraria Thunbergiana, 138. 
Puerh tea, 137. 
Pulse in Cliina. 130. 
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PhiloHOphiad SoctHtf of (yhiAgoir. 



Pumpelly, ou limestones iu China, 140; on 
minerals iu China, 141 ; on nature of the 
loess, 132 ; on physical geography of 
China, 120. 

Purkinje, reference to, 111. 

Pyramids, reference t*\ 61. 

Queen of Spaiu, 304. 

Quinine, relation of, to simple organic 

bodies, according to Ramsay and Dobbie, 

169. 
Qninone, relation of 1)enzol to, lOO. 

Race of the Chinese, 14r>. 

Rainy, Dr. Henry, 289. 

Ramesis II., reference to, 88. 

Ramsay, Principal, referred to, KJO. 

Rape-seed in China, 139. 

Raspberry in China, 137. 

Rawlinson range, New Guinea, 207. 

Red river, in China, 122, 125. 

Redwood, 310. 

Raid, D. B., 293. 

Reid, John, reference to, 105, 107. 

Reid, Mrs. J., letters to, from Thomas 
Graham, 297 ; letter from Thomas 
Graham to, 304. 

Remak, reference to, 111. 

Renton, deformed children in, 244>. 

Renwick, J., 270. 271. 

Report of Council, 367. 

Report of Library Committee, 37 1 . 

Reports of Sections, reference to, iu min- 
utes, 363. 

Reptiles in New Guinea, 210. 

Research in chemistry, importance of, ICm. 

Rhamnus, 139. 

Rhine, 299. 

Khun, New Guinea. 224. 

Rice in China, 134. 

Richter, Dr. Otto, abstract of paper on 
methyl and ethyl alcohols, 191, 300. 

Rickets in Glasgow, and in West of Scot- 
land, James 1 norasou on, 232, 257 ; James 
Thomson's general conclusions as to, 250. 

Richtofen, Baron, 121; on Yunnan, 122; 
on coal-lields in China, 140; on fertility 
of Loess, 132; on trade routes in China, 
144. 

Ritchie of Tain, 28(i. 

Ritchie, Rev. Dr., 207. 

Ritchie, C. B., 374. 

Rivers in China, 122. 

Rivers in the economy of nations, 127. 

Rivers Pollution Act, 154. 

Rivers, possible uses of, in China, 128. 

Roberts, Chandler, reference to, 260. 

Roberts, David, artist. 311. 

Robertson, A., 367, 372. 

Robinson, Dr. John, 282. 



Robertson, John, election as librarian, 371, 

372. 
Robertson, F. L., D.D., 374. 
Robiquet, M., 289. 
Roget, Dr., 306. 
Roman Empire, 138. 
Rome, 301. 

Room, a blue dye, 139. 
Roscoe, on artificial production of alizarine, 

168. 
Rose, Henry, 290, 291. 
Rosebery, Earl of, 362. 
Rosenberg, Count C. B. H. Von, on New 

Guinea, 224 ; in New Guinea, 209. 
Rosolic Acid, 360; as an indicator, 631, 194 ; 

ou determination of arsenic acid, 198. 
Rousseaux, manufacture of sodium and 

aluminium, by, 304. 
Rubies in China, 143. 
Run, New Guinea, 224. 
Rusconi, reference to. 111. 
Russia, trade and routes from C-hina to, 

144. 
Rutherglen Road, Polmadie, deformed 

children in, 242. 

Sabine, General, 302, 305, 367. 

Safflower in China, 139. 

Sago-palm in New Guinea, 217. 

Saghalien, 120. 

Saigon, 122. 

Salmon, W.T., 358, 359. 

Salomons, 301. 

Salt in China, 137. 

Salts and alcohols, compoimds of, 337. 

Salts, constitution of, 342; from sea water, 

recovery of, 14 ; laws of solutions of, 

330. 
Sal ween river, 122. 
Sandeman and Dixon, reference to paper on 

technical education, 35. 
Sanitary and social economy section, report 

of, 301 ; office-bearers of, 391. 
Sapphires in China, 143. 
Sanitar>' plumljer work, 358. 
Saxon-Switzerland, chemical composition 

of rocks of, 13. 
Savart, reference to, 107. 
Schiifor, Prof., reference to, 108. 
Schlomberger, chemist, 289. 
Schoiilein, reference to, 106. 
Schonbein, chemist, 307. 
Schwann, reference to, 111. 
Science and art department does little for 

chemical researcli, 175 ; cultivation of 

chemistry in connection with, 153. 
Scott, Alexander, 361, 372; election as 

vice-president, 371. 
Scott, Lady, reference to, 263. 
Scott, Robert, 359. 
Scott, R., 376. 
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Scott, Sir Walter, reference to, by Thomas 
Graham, 263. 

Sea-bed, between Australia und New 
Guinea, 214. 

Sea- water salts in, 14. 

Sections, oflice-bccirers of, 3JK) : reference 
to, in annual report, 3(17 ; reports of, 358. 

Sellars, James jun., C^8. 

Seram, Francesco, reference to, 202. 

Sesamum, 139. 

Sesostris, reference to, 88. 

Session, minutes of, 3(>2. 

Sevres, reference to, 107. 

Sewage, 358. 

Shan, 122. 

Shan country, 143. 

Shanghai, 120, 124; chamber of commerce, 
140 ; meteorological station at, l.'U. 

Shan-Si, 120, 121, 131; coal area in, 142: 
coal in, 141. 

Shantung, 120, 121, 124, 131 ; coal area in, 
142, 145 ; population in, per square mile, 
145. 

Sharpcy, Dr. W., reference to, 104, 108, 
301, 305, 311 ; reference to by Thomas 
Graham, 294. 

Sheep's wool, potash in, 13. 

Shen-Si, 120, 121 ; coal arcii in, 142, 124, 
131, 144. 

Shoo-Chong, 125. 

Shu-tz, in China, 13G. 

Skulls of different races of men, 61. 

Skye, dietary in, 257. 

Siam, 122. 

Siang-kiang, 123. 125. 

Siemens' electro-dynamometer, reference 
to, 99. 

Siemens-Watts Meter, 99. 

Si-Kiang, 123, 12.-> ; river, 122. 

Silicic acid, 355. 

Silicated cotton as a licat conductor, 02. 

Silk in China, 137. 

Silver in China, 143. 

Simon-Carves coking oven, tar from, 4, 5. 

Sinclair, D., 365. 

Sinclair, Alexander, 3G5. 

Singapore, 145. 

Song-Koi, river, 122. 

Smellie, K. D., 365. 

Smith, Watson, reference to, 4. 

Smith, 11. Angus, birth of, 261 ; letter 
from, as to (Graham lecture, 2(K); 359, 
382 ; appointment as inspector of chemi- 
cal work, 312 ; candidature for chair of 
chemistry in Aberdeen, ;W8; life and 
works of Thomas Graham, 260 ; refer- 
ence to, by Thomas Graham, 308. 

Smith Street, Whiteiuch, deformed chil- 
dren, 245. 

Smyth, Admiral, 301. 

Smoke, Hnkertcm on, 226, 386. 

Vol. XV. 2 



Snowy ninge mountains, in New Guinea, 

204. 
Societies, exchanges with, 395. 
Soda-alum, in wat<'r of crystallization of, 

;U2. 

Soda in China, 143. 

Soda salts from brine, 15. 

Soiliiim arsenito, determination of, 197, 

200 ; bicarbonate, determination of, in 

presence of nonnal carlK)iu&te, 197 ; 

hydrate, determination of small propor- 
tions of, in larL^e amounts of carbonates, 

104; nitrate, ccmaumptionof, 6; value of, 

per ton, 6. 
Soil of China, 130, 132. 
Solenoid galvant»mettr, Prof. Hlython, 187. 
Solids, specific gravity of, Dobbio & 

Hutcheson'b method of deteimining, 82. 
Solomon, reference to, 138. 
Somerville, Mrs., on physical geography, 

57. 
Song-Koi, 125. 
Soo-chow-foo, 124, 129. 
Sook, New Guinea, 224. 
Soundings in deep sea between Australia 

and New Guinea, 214. 
South Coburg Street, deformed children in, 

240. 
Spain, coal area in, 142. 
Specific gravity of solids, Dobbie A: 

Uiitcheson's methoil of determining, 82. 
Spices, in China, 137. 
Spillcr, John, on preparation of potash alum 

from felsixir, 13. 
Spiller on salts from brine, &c., 15. 
Spiraea almaria, 169. 
Spiral Hygroscope, 379. 
Springbuni Road, defonned children in, 

240. 
St. Hilaire, ( icofF. , reference to, 107. 
St. Hilaire, Isidore, reference to, 107. 
St. James' Street, Kingston, deformed 

children in, 250. 
St. Kentigem, reference to, 261. 
St. Lawrence, the, 120. 
Stars, Cvrant's catalogue of, 383. 
Steam as a moving power, by Thomas 

Graham, 274. 
Steel, J., 361, 372. 
Steel plates, centrifugal mode of casting, 

86. 
Stenhouse, Dr., estimation of , by Dr. W. 

Angus Smith. 312, 319. 
Steuart, W., 367. 
Stevenson, J., 361, 368, 372. 
Stewart, J. S., 367. 
Stone, Octa^^us, navigation of Baxter 

river in New Guinea, 211. 
Stones, precious, in China, 143. 
Stornoway, deformed children in, 251. 
Strathaven, deformed children in, 250. 
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Tuug.Yew, 139. 

Turner, Dr., ^ppoiutmcnt to cliair in 

Loudon University, 284. 
Turner, G. A, 361, 362, 365, 372. 
Turner, Prof., 268, 272, 282. 
Turner room in National Gallery, 306. 
Turquoise in Cliina, 143. 
Tyne, river, 126. 
Tyndall, Profcssur, referred to by Thomas 

Graham, 309. 
Typo-nueleus, theory of Dr. Otto Ricliter, 

illustrations of, 191. 
Typhon, forecasts of, 134. 
Tz, 120. 

United States, comparisons witli <'hina, 

120. 
Universities, technical education in, sec 

Mr. Dyer's paper, \^ et 9eq. 
University Buildings, Glascow, 109. 
University College, London, technical 

education in, 31. 
University Courts, greater powers shoidd 

be given to, 172. 
University of Edinburgh, reference to, 107. 
University of Glasgow, examinations at, 43; 

reference to, 108 ; technical teaching 

in, 28. 
University teaching »if chemistry, 170, 171, 

172, 173. 
Ure, Dr., 283, 318. 
Ure's Dictionary, 286. 
Urea, artificial production of, 1 69. 
Urquhart, D. Inglis, 367. 
Usuri, river, 126. 

Van Delden, annexation uf a portion of 

New Guinea by, 223. 
Van den Bosch, cape of, 204. 
Van Dieman's Land, reference to, 202. 
Vegetables in China, 1 36. 
Ventilation, 358. 
Vermicelli in China, 136. 
Vemix vcrnicia, 140. 
Vernon Harcourt,, the Rev., 297. 
Vcrzeichness des Bilcher, chemical works 

referred to in, 161. 
Victoria Street, (lovan, deformed children 

in, 244, 245. 
Victory Mount, New Guinea, 207. 
Vogel, cape, New Guinea, 206. 
Voltaic circle, theory of, 345. 
Voltaic element of Laland, 378. 
Voltmeter, Professor Blyth on, 187, 386. 
Von Bacr, reference to. 111. 

Wade, Sir Thomas, on population of China, 

145. 
Wagner's Physiology, reference to, 112. 
Waflner, reference to, 111. 
Wal^, the Prince of, 313. 



Wallace, Alfred Russel, travels in New 

Guinea, 209, 216 ; description of papuan 

buildings by, 219. 
Wallace, Di\ William, 360; on decline in 

use of coffee, 376 ; vote of thanks to. 373. 
Wanklyn, J. A., reference to, 10. 
Wartl Hunt, Cape, New Guinea, 207. 
Washington, 120. 

Watchish, mountains of Labrador, 120. 
Water as a constituent of salts, 340. 
Water of Loch Katrine, experiments with 

lead on, 233. 
Waterways in New Guinea, 212. 
Waterways of China, 123. 
Watson, T. L, 359. 
Watson, W. Kenny, 3(il. 372. 
Watt, Charles, 367. 
Wax in China, 139. 
Weaving and Dyeing School, reference t«», 

49. 
Weber's electro-dynamometer, reference 

to, 99. 

Weber, reference to, 108. 
I Weiner, C, 311 ; on Rumford medal. 311. 
Welch, T. W., 374. 

Weldon, Mr., on rocks of Saxou-Switzer- 
i land, 13. 
, Wells, Andrew, 358. 

Western Infirmary, reference to Dr. Allen 

Thomson's connection with, 1 10. 
Westmacott, 312. 
West river in China, 125. 
Westwood, Naturalist, 302. 
Whang-Poa, 124. 

Wharton- Jones, reference to. 111. 
Wheat, 139. 
Wheat in China, 134. 
Whifflet, deformed children in, 246. 
White Street, Go van, defonned children 

in, 245. 
WhiteUw, A., 372. 

Whitley, Joseph, centrifugal intMle of cast- 
ing steel plates, 86. 
Whytelaw, IX. A., Jun., 381. 
WicKham, the river, 210. 
Wicks-troemia, 139 
Wilkie, Daniel, 358. 
Wilkinson, Mrs., 303. 
Will, Dr. O., 300. 

Willem-Schouteu, New Guinea, 224. 
Williams, C. J. B., reference to, 104. 
Williamson, Rev. A., on China, 119, .'W2, 

561. 
Willis, Professor, 313. 
Willow Bark, 169. 
Wilson, George, chemist, 307. 
Wilson, Painter, 274. 
Wingate, W. K., appointment na juHlitnr, 

364, 368. 
Wiseman, Cardinal, 303. 
Wolff, Caspar Fre<l., reference to. 111. 
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Philosophical Society of Glasgow, 



Wollastoii, Dr., 283; on limit of the 
atmosphere, 321. 

Woochow, 215. 

Wood shaving as a heat conduct<ir, 
92. 

Woodstock, by Sir Walter Scott, 263. 

Wool, as a heat coiuluctor, 03 ; potash in, 
13. 

WooSung, 124. 

Wordsworth, rofcrcnee t<>, 113. 

Working classes, food of, 2.^4 ; use of im- 
proper food hy, 2,')r>. 

Workshops, utility of, in schools, 53. 

Woniam, SOG, 311. 

Wrightson, 1 honias, reference to, 80. 

Wrottesley, Lord, 302. 

Wu-Tai-Shan Mountains, 121, 131. 

Wiirtz, reference to, 158. 

Wyon, William, nicrdallist, 304. 

Yaloo-Kiang, river, 125. 



Yangtse-Kiang, 120, 122, 123, 124, 126, 
120, 138, 143. 

Yarkand, 144. 

Yellow River, 124, 129, 131. 

York, 299. 

Yorke, Rev. Mr., 308. 

Yorke, Thomas, 311. 

Young, G. C, 377. 

Young chair for technical chemistry, refer- 
ence to, 51. 

Young, James (of Kelly), 260, 297, 308, 
312 ; early recollections of, by R. Angus 
Smith, 318 ; i*eference to, by Thomas 
Graham, 294. 

Yu, the tribute of, 137. 

Yuen, 120. 

Y'uen-Kiang, 123. 

Y'uleishmd. 205, 211. 

Y'unnan, 120, 122, 125, 137, 139 ; coal area 
in, 142; lakes in, 129; t>^pulation in, 
per sciuare mile, 145. 
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